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ABSTRACT
>•
Laboratory studies of the susceptibility to insecticides of the 
sugarcane borer, Diatraea saccharalis (F.), were conducted during 1962- 
63. The main objectives of these studies were to develop a satisfactory 
technique for measuring borer susceptibility to insecticides in the 
laboratory, to compare the susceptibility to endrin of different popu­
lations of the sugarcane borer from different localities in. Louisiana, 
to obtain data on borer susceptibility to new insecticides before they 
are widely used in the field, and to determine if sugarcane borers 
which have become resistant to endrin are also resistant to endostilfan, 
guthion and carbaryl.
After initial tests with several laboratory techniques, 2 were 
found to be most satisfactory. With the first of these newly hatched 
larvae were exposed to residual films of insecticides in 125-ml Erlen- 
meyer flasks for from 30 minutes to 5 hours before being transferred to 
an artificial diet. By the second method desired amounts of endrin were 
mixed with the diet which was fed to newly hatched larvae, 15-day-old 
larvae and mature or nearly mature field collected larvae.
Larvae developed faster and grew larger on 3 similar agar diets 
containing wheat germ and other nutrients than they did on an agar diet 
containing an acetone extract from corn plants with other nutrients 
added. Less time and effort was required to prepare the diets containing
ix
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wheat germ than was required for the diet containing an acetone extract 
from corn powder.
During the late summer of 1963 a high level of resistance to endrin 
was demonstrated in the laboratory in the progeny of field collected 
sugarcane borers from Fort Allen, Louisiana where satisfactory borer 
control had not been obtained by applications of endrin duritig the 
summer. Low levels of approximately 2-fold resistance to endrin were 
also found in strains of this insect from Baton Rouge, Franklin and 
Meeker. The highly endrin-resistant Port Allen strain was found to be 
approximately 31 times as resistant to endosulfan as the relatively 
endrin-susceptible Baton Rouge strain. These two strains were approxi­
mately equally susceptible to guthion and carbaryl.
A small but significant increase in tolerance to endrin of newly 
hatched Franklin strain larvae was measured after laboratory selection 
for only 2 successive generations at a dosage of 2 ug per flask, which 
gave approximately 607, mortality. Larvae of this strain were from a 
population which had been subjected to selection.’.by: commercial..field ... 
applications of endrin far several years.
LD-50s for 15-day-old larvae of different strains required approxi­
mately 1\ to 5 times as much endrin in the diet as was required for 
newly hatched larvae. The effect of age of larvae on their tolerance 
to endrin apparently was less pronounced in a strain highly resistant to 
endrin than in a relatively susceptible strain. It was concluded that 
differences in susceptibility to insecticides among populations of the 
sugarcane borer may be detected more easily in newly hatched than in 
15-day-old larvae.
x
Endrin at the dosage levels of 0.2 and 0.4 p.p.m. in the larval 
diet reduced pupal weight, moth longevity, mating, oviposition and 
egg viability among survivors of these treatments. However, short 
contact exposure of newly hatched larvae to different dosages of 
this insecticide had no apparent adverse effects on survivors. The 
adverse effects of endrin on mating, oviposition and egg viability, 
which were found among survivors of endrin-diet mixtures, definitely 
resulted., at least in part, from the effects of the insecticide on 
females. It was not determined if adverse effects on males also were 
involved.
xi
INTRODUCTION
The sugarcane borer, Diatraea saccharalis (F.), has long been 
recognized as the: most serious and destructive pest of sugarcane in 
Louisiana (Long et al. 1959). Prior to 1958 sodium fluosilicate, 
cryolite and ryania dusts were the main insecticidal materials which 
were used to control this insect.
Endrin was first recommended for control of the sugarcane borer 
in Louisiana in 1958 (Long et a\. 1958). Initially 4 biweekly appli­
cations of endrin were recommended for control of second and third 
generation sugarcane borers. In 1962 the recommended interval be­
tween endrin applications was lengthened to 3 weeks for growers who 
preferred to follow an automatic treatment program after the first 
application. However, growers were urged to check their fields 
weekly throughout the summer to save applications wherever possible. 
Three endrin applications usually were adequate for control of heavy 
borer infestations at this time (Long 1963) .
In 1963 some control failures, which could not be attributed 
to poor formulation or improper application of endrin, were observed 
for the first time. It seemed possible that sugarcane borer might 
have developed resistance to endrin.
The studies reported in this dissertation were undertaken with 
the following objectives in mind:
(1) to develop a satisfactory laboratory technique for measuring 
the susceptibility of the sugarcane borer to Insecticides;
(2) to compare the susceptibility to endrin of different popu­
lations of sugarcane borers from different parts of Louisiana;
(3) to obtain data on borer susceptibility to new insecticides 
befqre they are widely used in the field; and
(4) to determine if sugarcane borers which have become resistant•
to endrin are also resistant to endosulfan, guthion or carbaryl.
REVIEW OF LITERATURE
Techniques for Testing Insecticides 
on Lepidopterotis Insects
A number of test methods for laboratory evaluation of the effec­
tiveness of insecticides against many insects have been described in 
a recent book edited by H. H. Shepard (1958). The methods described 
and reviewed in this book are generally classified as methods of 
topical application: and injection, feeding and drinking, dipping, 
precision spraying and precision dusting. Reynolds (1960) has re­
viewed the established techniques used for determining levels of 
insecticidal resistance in various agricultural arthropod pests.
Various techniques have been used in the laboratory for evalu - 
ating insecticides or establishing levels of resistance in lepidop- 
terous insects. These methods usually have been applied to larval 
stages and less often to eggs or adults.
Hockenyos and Lilly (1932) used hypodermic injection for evalu­
ating nicotine toxicity to Celerio 1ineata larvae. They used nearly 
mature and uniform sized larvae collected from the field. Five 
hundredths of the desired concentration of 40% nicotine sulfate was 
injected on one side of the mid dorsal line of the second thoracic 
segment. Mortality records were taken after one hour.
Menusan (1948) also used blood stream Injection as well as contact 
toxicity methods for evaluating the toxicity of some organic and inor­
ganic insecticides to the silkworm, Bombyx mori (L.). Before treatment, 
he cooled all the test insects from 1.5 to 2 hours at 28°F. and then 
injected 0.02 ml of a known concentration of insecticide solution 
through the lateral fold at the base of a front proleg. For contact 
tests he applied a measured volume of insecticide solution on the dorsal 
surface of the body. The mortality records were taken in both cases 
after 48 hours.
Gast (1961) used injection and topical application methods for 
studying the factors involved in differential susceptibility of corn 
earworm, Hellothis zea (Boddie), larvae to DDT. In injection studies 
he anesthetized the larvae with CO2 before injecting the insecticide 
solution through the lateral portion of the integument between the fifth 
and sixth abdominal spiracles. In topical application studies, DDT 
formulations were applied to the dorsal part of the thorax of the larvae. 
Treated larvae in all tests were held at 80°F. with fresh food provided 
daily. Mortality counts were made after 48 hours.
Guthrie (1954) studied contact toxicity and toxicity following 
injection of several insecticides in field collected tobacco horn- 
worm larvae. The larvae were divided into 3 size groups of small, 
medium and large for treatment. The average weight per larva was 
determined for 50 larvae representative of each size group and the 
LD-50 and LD-90 values were expressed as micrograms per larva. , In 
the contact toxicity method a measured drop of insecticide in dioxane 
solution was applied topically on the first thoracic segment. After 
treatment the insects were returned to the cartons supplied with
2untreated tobacco. In the stomach poison test 1-cm -piece of tobacco 
leaf was treated with a measured drop of insecticide. Treated leaf 
was placed in the carton and a larva was introduced. No other food 
was supplied for 24 to 48 hours. In both series of tests observations 
were taken daily for 6 days.
Way (1954) studied the effects of several insecticides as stomach 
poisons on the last larval instar of the tomato moth, Diataraxia 
oleracea L. He allowed each larva to feed on a 48 sq. mm. area of 
cabbage leaf bearing a known deposit of insecticide obtained by 
treating leaves in a settling mist tower. Inorganic insecticides 
were sprayed as suspensions in water, and organic insecticides as 
solutions in acetone.
Glass (1957) studied the effectiveness of TDE (DDD) against the 
red banded leaf roller, Argyrotaenia velutinana (Wlk.). He treated 
apple leaves by dipping them in water suspensions of TDE. A small 
amount of a wetting agent was added to the suspensions. The treated 
leaves were dried and placed in shell vials. Five or 10 larvae were 
placed on the treated leaves in each vial. Mortalities were recorded 
after 48 hours.
Tsao and Bottger (1960) studied the effectiveness of Chipman 
R-6199 against Estigmene acrea (Drury), Trichoplusia ni (Hbn.),
Alabama argillacea (Hbn.), and Pectinophora gossypiella (Saund.). 
Cotton plants grown in one-gallon: cans were sprayed with technical 
R-6199 containing 75% of the oxalate salt dissolved in distilled 
water with 1% of the wetting agent Triton X-151. Each plant was 
sprayed with a known amount of the active ingredient. Ten to 20
second and third instar larvae were introduced into each cage. Morta­
lities were recorded after 48 hours. Temperature of the holding room 
was maintained at 80t2°F.
Brunson (1960) also used the spraying technique to study the toxi­
city of various insecticides to different stages of the oriental fruit 
moth, Grapholitha molesta (Busck). Pear leaves and eggs were sprayed 
directly, and the newly hatched larvae were allowed to crawl over the 
sprayed leaves and twigs. The adults were sprayed directly in 16-mesh 
screen cages 6 inches in diameter and 8 inches long.
Harries (1961) used the direct spraying method to study the effect 
of various insecticides on the salt-marsh caterpillar, Estigmene acrea 
(Drury). Large migrating caterpillars were collected from the field. 
Ten larvae, placed in each 1-pint paper carton, were sprayed with 2 ml 
of spray solution. All sprays were applied with a small atomizer 
attached to a bicycle pump compressor. One stroke of the pump was 
directed downward from a height of 6 inches. The cartons were capped 
with netting to minimize any fumigation effect of the insecticides, and 
mortality records were taken after 24 and 48 hours. No food was pro­
vided in the test cages.
Randall (1962) described the technique used in the study of con­
tact toxicity of DDT to Ectropis crepuscularia Schiff. Five concen­
trations of DDT sprays were applied to the larvae at a surface coverage 
rate of approximately 0.5 gallon per acre. The larvae were immobi­
lized by cooling to 32^2°F. Each group of 10 larvae was arranged on 
sample cards and the cards were selected at random for each treatment. 
The test insects were then passed under a spray tower apparatus for 30
seconds. After treatment larvae were placed on clean foliage in 
glass containers at 70^2°F. and 70% relative humidity. Mortality 
counts were taken daily for a period of 8 days. Spray deposit 
density for each treatment was determined by colorimetric assess­
ment of a dye, collected on 9 cm Whatman No. 1 filter papers,
using a Klett-Summerson colorimeter. The results were calculated
2
and expressed in terms of micrograms of DDT per cm •
Bottger and Sparks (1962) tested the effectiveness of several 
insecticides against the bollworm, Heliothis zea, by spraying 
cotton plants in the green house with a hand atomizer. Residues 
were uniformly distributed on both sides of the leaves. Immedi­
ately after spraying, the plants were moved to a holding room at 
80"^2°F. and a relative humidity of 20% to 50%. After treatment,
10 to 20 third instar larvae were caged with each plant for 72 
hours, and mortality counts were made after 24, 48 and 72 hours.
Brazzel et al. (1961) used a topical application method for 
evaluating insecticides against third and fourth instar larvae of 
the bollworm, Heliothis zea (Boddie). Larvae of the desired age 
reared at 80°F. on cotton terminals or on an artificial diet were 
used. From 50 to more than 100 larvae were tested at each dose. 
One microliter of acetone solution containing the desired amount 
of DDT was applied to the thoracic region of each larva, which 
was then returned to its diet. Observations were recorded after 
48 and 72 hours.
Lowry and Tsao (1961) used the adult stage for detecting 
resistance to DDT in the pink bollworm, Pectinophora gossypiella
(Saund.). Moths that emerged from open field-collected bolls were 
used for laboratory experiments. One microliter solution of DDT in 
acetone was applied with a microapplicator to the thoracic sternum 
of each moth. Treated moths were kept in covered petri dishes without 
food and held at 80t2°F. and approximately 60% relative humidity. 
Mortalities were tecorded 24, 48 and 72 hours after treatment.
Graves et al. (1963) used the topical application method for 
studying resistance to some chlorinated hydrocarbon insecticides 
in the bollworm, Heliothis zea (Boddie). Tests stages were second 
to sixth instar larvae reared either on cotton bolls or on an arti­
ficial diet. The desired amount of insecticide in one microliter 
of acetone was applied to the thoracic region of each larva. After 
treatment each larva was returned to the vial in which it was reared. 
Mortality counts were made at 24, 48 and 72 hours after treatment.
Insect Age and Stage of Development in Relation 
to Insecticide Susceptibility
Simanton and Miller (1937) studied the susceptibility of 
different age groups of houseflies to pyrethrum sprays. They demon­
strated that young flies were more easily paralyzed but less easily 
killed than older ones. Du Chanois (1947) reported that gamma-BHC 
was nontoxic to eggs, but was markedly toxic to second and third 
instar larvae and pupae of the housefly.
Ludwig (1946) reported that different stages in the life cycle 
of the Japanese beetle, Popillia japonica Newm., varied greatly in 
their susceptibility to DDT. Adults were found most susceptible,
9larval stages were 50- to 100-fold more resistant than adults, and 
eggs and pupae were not affected by DDT.
Pedersen (1960) reported the toxicity of carbon tetrachloride- 
methallyl chloride (80 - 20 by volume) to different stages of the 
rice weevil, fiitophilus oryzae (L.), in wheat grains of different 
moisture contents. He found that at 12.5% moisture the third Instar 
larvae were least susceptible, first instar larvae and eggs were 
intermediate in susceptibility, and pupae and adults were the most 
susceptible stages.
Bass and Rawson (1960) reported that the age was one of the 
important factors contributing to the differential susceptibility 
of boll weevil, Anthonomus grandis Boh. to certain insecticides. 
They found approximately 2- to 7-fold increases in the LD-50 
values of gufhion and BHC, respectively, to boll-reared, iquere* 
fed, 9-day-old weevils as compared with a similar group of 2-day- 
old weevils.
Newcomer and Yothers (1932) reported that 1-day-old eggs of 
the codling moth, Carpocapsa pomonella (L.), were more susceptible 
to petroleum oil spray than the 7-day-old eggs, They also stated 
that as the age of codling moth eggs increased- the percentage that 
failed to hatch due to petroleum oil spray decreased. Hough and 
Jefferson (1936), however, reported that there was no consistent 
relationship between the age of codling moth eggs and effective­
ness of petroleum oil. They found increased ovicidal efficiency 
with nicotine as the age of the eggs increased.
Smith and Pearce (1948) reported that eggs of the oriental
10
fruit moth*; Grapholitha molesta (Busck), at different stages of deve­
lopment showed a difference in susceptibility to petroleum oils. They 
concluded that resistance increased as the age of the eggs increased.
Brunson (196CI) reported that guthion, parathion, methyl parathion, 
EPN and carbaryl were more toxic to all stages of the oriental fruit 
moth than any other materials tested. Methoxychlor was comparatively 
low in toxicity to adults. Dow ET-15, Thiodan and ethlon were fairly 
effective against adults but markedly less effective against eggs. 
Phosdrin, plrazinon and phorate were fairly effective against eggs 
but not against larvae.
Way (1954) reported the effect of body weight on resistance to 
insecticides in full grown larvae of Diataraxia oleracea L. He 
found that the LD-50 of parathion as a stomach poison was linearly 
related to body weight; on the same basis TEPP was slightly less and 
lead arsenate slightly more toxic to the larger than to the smaller 
larvae.
Guthrie (1954) studied the toxicity of several insecticides to 
field collected larvae of the tobacco hornworm. He found signifi­
cant differences in LD-50 and LD-90 values among 3 size groups 
arbitrarily divided into small, medium and large. LD-50 and LD-90 
values were found to increase as the size of the larvae increased.
McPherson et al. (1956) reported that the susceptibility of 
Heliothis zea (Boddie) and Heliothis virescens (F.) larvae to 10%
DDT and 3 - 5 - 4 0  (BHC-DDT-sulfur) dusts, applied at the rate of 
5, 10 and 15 pounds per acre, decreased as the age of the larvae 
increased. They also demonstrated that smaller larvae required
11
less DOT or endrin, applied topically, than larger ones.
Graves et al. (1963) reported that the susceptibility to DDT 
of successive instars of bollworm larvae decreased. LD-50 values 
for second, third, fourth, fifth and sixth instar larvae were de­
termined by topical application of DDT dissolved in acetone. Gast 
(1959) studied the relationship of weight of lepidopterous".larvae 
to effectiveness of topically applied insecticides. He found that 
different weight groups of the southern armyworm larvae, Prodenia 
eridania (Cram.), gave a nearly constant LD-50 value expressed as 
microgram per gram of larvae, with DDT or Phosdrin. LD-50 values 
to Phosdrin'of corn earworm larvae, Heliothis'zea (Boddie), showed 
a little increase as the weight of the larvae increased. However,
DDT showed the greatest difference requiring, on a microgram per 
gram basis, more than 1000 times the amount on large corn earworms 
as on small ones.
Kerr and Brazzel (1960) reported the toxicity of 6 insecticides 
against eggs and different larval instars of the cabbage looper* 
Trichoplusia ni (Hbn.} Phosdrin was found to be most effective as 
an ovicide. Best control of the first larval stage was obtained 
with endosulfan and endrin, which proved least effective as ovicides. 
Endosulfan and endrin at higher dosages were also very effective 
against third instar larvae. However, the fourth and fifth instar 
larvae could not be controlled adequately with any of these insecti­
cides. Thus they concluded that each succeeding larval instar of the 
cabbage looper was less susceptible than the previous one to the 
insecticides tested.
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Brazzel (1963), while studying resistance to DDT In different 
strains of the tobacco budworm reported a 75-fold Increase in LD-50 
values with DDT against fourth instar larvae as compared to second 
instar larvae of his Texas strain. Sanchez and Sherman (1963) re­
ported that the effectiveness; of malathlon and lindane against 
first, third and fifth instar larvae of the koa seedworm, Crypto- 
phlebia illepida (Butler), decreased with increasing age of the 
larvae.
Effects of Insecticides on Insects 
Surviving Treatment
Quayle (1922) reported that individuals of the citrus red 
scale surviving one fumigation with hydrocyanic acid gas were more 
resistant to a second fumigatipn than individuals not previously 
treated. Gray and Kirkpatrick (1929) confirmed this phenomenon 
which they termed "protective stupefaction". •
Friederichs (1930) studied the after effects of arsenical 
dusts on surviving larvae of the pine moth, Bupalus piniarium L.
He found that surviving pupae were noticeably smaller and that the 
fertility of the females was completely or partially impaired as 
a result of arsenical poisoning of the larvae. Nenyukov and 
Tareeva (1931) reported that incomplete poisoning with arsenicals 
reduced the metabolic processes in Dendrolimus sibiricus Tshtv. 
and reduced their reproductive power. A considerable percentage 
of these moths which emerged had imperfectly developed wings, and 
either did not oviposit or only laid about 30% of the usual number
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of eggs.
Yothers and Carlson (1946) noticed that codling moths. Carpocapsa ~ 
pomonella (L.), from larvae that survived sublethal concentrations 
of 4, 6 -dinitro-o-cresol deposited markedly fewer eggs than the moths 
that developed from untreated larvae. They also noticed that eggs 
deposited by such moths were less viable than those from normal moths.
Henneberry et al. (1961) reported that tedion-treated females 
of the two-spotted spider mite, Tetranychus telarius (L.) produced 
a high percentage of non-viable eggs. They also noticed that the 
number of non-viable eggs produced by untreated females after feeding 
on tedion residues increased with the length of feeding time.
Ferguson (1942) studied the effect of basic copper arsenate 
on sixth instar larvae of the southern armyworm, Prodenia eridenia 
(Cram.). He found that weight loss, duration of recovery period and 
maximum weight gained by the larvae were roughly proportional to 
the dosage of poison given. Moths from larvae which had survived 
the insecticide laid reduced numbers of eggs, although the percen­
tage of hatch was near normal. He believed that the smaller size of 
these moths might have been the best explanation for this reduced egg 
production.
Pickett and Patterson (1963) reported the effect of arsenates on 
4 species of Diptera, Rhagoletis pomonella, Drosophila melanogaster,
D. hydei and Musca domestica. They found that egg production was 
greatly reduced when the newly emerged adults were fed sublethal 
doses of arsenates.
Robertson (1948) reported that DDT was not only effective in
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killing the larvae and adults of the pink bollworm, Pectinophora 
gossvpiella (Saund.)» hut also caused a reduction in the number 
of eggs produced by treated adults.
Williams et al. (1958) reported that guthion, guthion-DDT 
(1:3), DDT and endrin killed a high percentage of pink bollworm 
adults before oviposition could occur, and also inhibited ovi- 
position to the extent that destructive larval populations did 
not develop in the field. The insecticides were applied as 
sprays to growing cotton plants and pink bollworm moths were con­
fined with each plant in a 2' x 2' x 21 cage. They found that 
guthion at one-half pound per acre, DDT at the rate of 2 pounds 
per acre and endrin at the rate of 0.25 pound per acre reduced 
oviposition by 99%, 89%, and 89%., respectively.
Adkisson and Wellso (1962) reported that pink bollworm adults 
that survived DDT poisoning produced fewer eggs than moths which 
were not exposed to the insecticide. He believed that the phy­
siology of the females was seriously affected by the insecticide, 
even in those individuals which mated and lived a normal life 
span.
Brunson (I960), while studying the toxicity of various insec­
ticides to different stages of the oriental fruit moth, Grapholitha 
molesta (Busck), found that the application of some insecticides to 
adults appeared to stimulate egg deposition. A lot of 25 females, 
sprayed with 0.07 to 1.0 ounce of EPN per 100 gallons, deposited 
an average of 97 eggs per female compared to 17 eggs deposited by 
untreated females. Similar results were observed with a low
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concentration of parathion.
Tenhet (1947) reported that the cigarette beetle, Lasloderma 
serrlcorne (F.), which survived sublethal doses of pyrethrum oil 
spray, deposited only about half as many eggs as beetles not exposed 
to such spray. Shantaram (1958) reported that DDT, BHC and pyre­
thrum reduced oviposition by Trogoderma granarium Everts females 
when this insect was treated in the larval stage.
Plummer and Baker (1946) reported that the Mexican fruit fly, 
Anastrepha ludens (Loew.), exposed to a diet consisting of 20 
pounds of granulate sugar and 4 ounces of casein in 100 gallons of 
aqueous solution including one ounce of tartar emetic for 21 days 
failed to lay any eggs in fruit sections for 45 days. However, 
flies whose diet included 0.5 ounces of tartar emetic did lay a 
few eggs, some of iwhich were viable.
Kalina (1950) reported that when the larvae of Drosophila 
melanogaster Meigen were reared in a medium containing 5 p.p.m. 
of DDT, egg production, hatching, larval development and pupation 
were normal, except that development was slower than in the con­
trols.
Hueck et al. (1952) reported that female red spider mites,
metatetranychus ulmi Koch, laid more eggs after exposure to leaves
2
treated with 5% DDT dust (approximately 0.8 gm/m ) than females not 
exposed to insecticide. However, at higher concentrations of DDT 
they observed reduced egg production.
Kuenen (1958) conducted similar studies on a highly DDT-suscep- 
tible strain of Sitophilus granarius L* He observed 207. more
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offspring from weevils which were exposed to 0.10 and 0.125 mg of DDT 
per 100 gm of wheat grain. At 0.25 mg DDT he observed even higher 
reproduction per living female, but mortality was high and the total 
number of offspring was lower than in the controls. From these stu­
dies he suggested that the less susceptible an arthropod species is 
to DDT, the greater is the possibility that stimulation of reproduc­
tion will be found.
Knutson (1955) found that laboratory cultures of Drosophila 
melanogaster which survived dieldrin treatments produced more 
progeny than check flies. Reproduction per fly per day was unchanged, 
but the treated flies lived longer and reproduction continued over 
a longer period.
Hoffman et al. (1951) studied the effect on houseflies of inter­
mittent exposures to small amounts of DDT residues. They found that 
houseflies surviving 6 exposures during a 3-day period to surfaces 
treated with DDT were killed much more easily than unexposed flies 
when subsequently exposed to a higher dosage of DDT. They suggested 
that DDT or a toxic byproduct accumulates in the flies.
Hadaway (1956) studied the effects of repeated sublethal doses 
of various insecticides by topical application to a susceptible 
strain,of houseflies. He reported practically no accumulative toxic 
effect with gamma-BHC, while with DDT, dieldrin and diazinon he found 
a cumulative effect, increasing in the order mentioned.
Afifi and Knutson (1956) reported that susceptible houseflies,
3 to 4 days old and which had survived one treatment of dieldrin at 
a concentration to give 90% mortality, produced 16‘*7% more adult
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progeny than the control group. Their untreated and F2 generations 
produced 69.2% and 9.37» more eggs, respectively, compared to corre­
sponding generations of the control group. However, in the F3 gene­
ration they found a reversion to the normal rate of reproduction.
Ouye and Knutson (1957) conducted laboratory studies on house­
flies with no previous exposure to insecticides to determine the 
effects of 3 successive treatments with malathion. The toxicant was 
added to the larval media at the rate of 2 p.p.m. to produce a morta­
lity of 40% to 60%. Flies surviving malathion treatments produced 
93% as many eggs as untreated flies. Adult female longevity was 82% 
as great among the treated as among the control parents. The average 
number of eggs per female per day among the treated parents was 12% 
more than among the untreated parents.
Knutson (1959) reported changes in the reproductive potential 
of insecticide-susceptible housefly population which was sprayed 5 
times with dieldrin over a 3 year period. He found that reproductive 
potential generally was unchanged during the first 2 years, decreased 
in the third year, but increased above the prespray potential in the 
fourth year.
Hunter et al. (1958) studied the effects of sublethal doses of 
DDT and diazinon on a DDT resistant and susceptible strain of house­
flies. The insecticides were dissolved in olive oil and applied topi­
cally to adult females on 2 or 3 successive days before oviposition 
began. In the resistant strain they observed a reduction of potential 
adult offspring of 34% with DDT and 21% with diazinon. In the sus­
ceptible strain they found an increase in potential adult offspring
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of 18% with DDT and 1% with diazinon. They also noticed that fecun­
dity and fertility of the offspring was reduced in the DDT- and dia- 
zinon-treated females of the resistant strain. However, in the sus­
ceptible strain the DDT-treated females showed an increase in fecun­
dity and fertility, and diazinon-treated females showed an increase 
in fecundity but a reduction in fertility compared with controls.
Beard (1960) concluded from his studies with houseflies that, 
apart from the direct killing action of several insecticides accom­
panied by increasing resistance, long range effects of insecticides 
exist which are subtle and generally detrimental.
Resistance to Insecticides
Hoskins and Gordon (1956) defined the term resistance as "the 
added ability to withstand an insecticide acquired by breeding from 
those individuals which survive exposure to that particular toxicant 
insufficient to wipe out the whole colony". Today many species of 
agricultural arthropods are known to be resistant to one or more 
insecticides and the number is increasing constantly. Crow (1957) 
stated that high levels of resistance have usually been reported 
only where there is a history of exposure to the poison.
Chadwick (1955) discussed the following possible mechanisms of 
insect resistance to insecticides: (1) behavior, (2) structure,
(3) penetration, (4) storage, (5) excretion, (6) detoxication and 
(7) decreased sensitivity.
Metcalf (1955) reported that resistance may be specific to 
different insecticide groups, within which resistance to one chemical
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automatically confers some resistance to other chemicals in the same 
group. On this basis he distinguished 6 different types of resis­
tance in insects: (1) DDT and its relatives such as methoxychlor
and DFDT, (2) the nitro-ethane analogues of DDT, Prolan and Bulan, 
(3) the polychlorinated aromatics such as lindane, chlordane, aldrin, 
toxaphene, (4) parathion and other organic phosphates, (5) pyre- 
thrin and allethrin, and (6) the lethanes and other thiocyanates.
Busvine and Harrison (1953) related the rate of development of 
resistant insect populations to: (1) the frequency of occurrence
and effectiveness of resistant genes in the natural populations,
(2) the intensity of selection, and (3) the number of generations 
per year in which selection is operative.
Decker and Bruce (1952) stated that resistance to DDT in the 
housefly under the process Of continuous selection appears to take 
place in 2 distinct phases. First, there is an initial period of 
selection during which a 5- to 10-fold increase in resistance may 
be obtained after 20 to 30 generations of adult selection, or 5 to 
10 generations of combined larval and adult selection. Then there 
is a period of very rapid intensification of resistance which may 
increase several times with each successive generation, sometimes 
reaching levels of 100 to 1000 times normal after further selection 
in 6 to 20 generations.
Maelzer and Kirk (1953) reported that the early period of selec­
tion in the housefly involves the accumulation of several independent 
factors, each of which singly or in combination, confers resistance. 
Further selection evolves the highly resistant phenotypes controlled
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by a single pair of alleles. They emphasized that this high level of 
resistance cannot be initially selected because of the low fertility 
commonly associated with resistance in this insect which outweighs the 
selective advantage of resistance.
Hoskins and Gordon (1956) indicated that during the course of 
development of true resistance the slope of the log-dosage-probit 
(1-d-p) line at first decreases, and then increases again as the me­
dian lethal dose increases. They believed that this initial flat­
tening of the line, followed by steepening again, proceeds faster when 
there are only a few genes conferring resistance.
Lindgren and Dickson (1945) reported that when a susceptible 
strain of California red scale, Aonidiella aurantii (Mask.), was 
subjected to fumigation of each generation with HCN gas, resistance 
was noticed after 5 or 6 fumigations, and high levels of resistance 
were observed after 12 to 18 fumigations.
Grayson (1951) reported that two strains of the German cockroach 
selected with DDT at the level of about 75% mortality had developed 
2.3- and 4.0-fold resistance by the seventh generation. However, the 
same strains selected in a similar manner by BHC were not found resis­
tant to this toxicant in the seventh generation.
Heal et al. (1953) demonstrated that a field strain of the 
German cockroach developed 100-fold resistance to chlordane after 
successful control with this chemical during a one year period.
They also found 5- to 6-fold cross-resistance to DDT and 10- to 12-fold
cross-resistance to lindane.
Burden et al. (1959) reported on the rate of development of
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resistance to malathion In a normal strain of the German cockroach. 
After selecting for 10 generations they found an 8-fold increase In 
resistance to malathion at LG-50, and concluded that resistance to 
malathion and other organophosphorus Insecticides Is likely to deve­
lop In field strains of German cockroaches In buildings where these 
insecticides are used repeatedly.
Grayson (1960) studied the response of chlordane-resistant and 
normal strains of the German cockroach to malathion and diazinon.
He reported that the normal strain developed 6.9-fold resistance to 
malathion when selected for 6 generations at LC-50. The chlordane- 
resistant strain developed 9.4-fold resistance to malathion when 
selected for 7 generations with this insecticide. However, he 
could not demonstrate any detectable resistance in normal or chlor- 
dane-resistant strains after selecting for 7- generations with dia­
zinon.
Cole and Clark (1961) selected a laboratory strain of body lice 
by exposing 56 generations to pyrethrin plus sulfoxide, and were 
able to demonstrate a 7- to 8-fold resistance to this synergized 
compound. The pyrethrin selected strain also had developed a high 
level of cross-tolerance to DDT, 2- to 4-fold tolerance to synergized 
allethrin, and little or no tolerance for lindane and malathion.
Decker and Bruce (1952) reported that houseflies which were 
selected for DDT-resistance developed resistance to methoxychlor, 
lindane, and dieldrin rapidly. They believed that the period of 5 to 
10 generations usually required for the initially slow process of 
segregation and selection was apparently eliminated and the process
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of intensification of resistance to these other insecticides began 
at once.
Pimentel et al. (1953) studied the rate of development and 
loss of resistance to various insecticides in houseflies which had 
developed DDT-resistance in a dairy barn. They found that DDT- 
resistant flies further selected with DDT in the laboratory for 
26 generations developed 3 and 6 times more resistance to dieldrin 
and parathion, respectively. They also selected DDT-resistant flies 
with lindane, dieldrin and parathion and found that resistance to 
lindane for both the DDT-resistant and non-resistant strains increased 
rapidly. After 10 generations of selection with dieldrin, the DDT- 
resistant strain had developed about 3-fold resistance to dieldrin. 
After 10 generations of para.thion selection it had developed 9-fold 
parathion resistance. They concluded that insecticide resistance de­
veloped more rapidly when selection was more rigorous. They also 
concluded that DDT-resistant flies did not lose their resistance . 
during selection with other insecticides. DDT-resistant flies not 
exposed to insecticides lost their resistance after 10 to 20 gene­
rations, depending on the initial level of resistance.
March (1959) reported that housefly strains resistant to organo- 
phosphorus insecticides are significantly different in a number of 
ways from those resistant only to the chlorinated hydrocarbons. He 
found that selection with lindane for 30 generations induced 10-fold 
resistance, and then in the next 10 generations resistance increased 
rapidly to 100-fold. He also stated that chlorinated hydrocarbon 
resistance in the housefly is characterized by the development of
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uniformly high levels of resistance, by limitations due to saturation 
of absorption systems, by marked cross tolerances among closely related 
compounds not including the organophosphorus insecticides, and by 
relative stability after removal of selection pressure. On the other 
hand he writes that organophosphorus resistance is characterized by 
being relatively unstable and decreasing initially at a rapid rate 
upon removal of selection pressure, biochemically limited resistance 
levels peculiar to each particular insecticide, and less cross
tolerance to other organophosphorus insecticides. However, he says
that housefly strains selected with organophosphorus insecticides 
often develop high levels of resistance to chlorinated hydrocarbon 
insecticides, even though the resistance to the selecting organophos­
phorus compound may be minimal.
Forgash and Hansens (1959) reported that a strain of housefly 
which had developed resistance to diazinon in the field after 5 years 
of successful control involving a total of 9 treatments, was resistant 
not only to diazinon but to other insecticides as well. After further 
selection in the laboratory with diazinon, they found complete immunity 
to the DDT-type compounds, 38-fold resistance to diazinon, 16- to 23- 
fold resistance to other phosphorothioates, and 10- to more than 37-
fold resistance to carbamates.
Georghiou et al. (1961) reported that 2 laboratory strains of the 
housefly which showed normal susceptibility to all insecticides except 
members of the cyclodiene group, when selected for 20 generations with 
isolan, developed 7- and 19.5-fold resistance respectively, to this com­
pound. Georghiou (1962) further demonstrated that housefly strains
24
selected for 55 generations with carbamate insecticides developed a 
high cross resistance to DDT and methoxychlor and a low level of cross 
resistance to organophosphorus compounds.
MATERIALS AND METHODS 
Sugarcane Borers
During the summer of 1962, sugarcane borer larvae and pupae were 
collected from sugarcane fields in 3 locations in Louisiana and one in 
Florida. These localities were Franklin, Houma and Erath, Louisiana 
and Belle Glade, Florida. Living moths were collected from a light 
trap located near a sugarcane field on the Louisiana State University 
campus at Baton Rouge. These populations were regarded as separate 
strains named after the localities of their collection.
Tests to determine insecticide susceptibility usually were con­
ducted on first or second laboratory generations of each strain. How­
ever, tests also were conducted with the Erath and Franklin cultures 
after they had been maintained in the laboratory through 5 or 6 gene­
rations for a period of 9 to 10 months. In the summer of 1963, new 
cultures were established by collecting sugarcane borer larvae and 
pupae from sugarcane fields near Port Allen, Franklin, Meeker, Baton 
Rouge and Erath, Louisiana. Tests again were conducted on the first 
and second laboratory generations of these strains.
The Erath and Belle Glade strains were from localities in 
Louisiana and Florida, respectively, where no endrin previously had 
been used for insect control.on sugarcane. The approximate history 
of endrin application in fields from which borers of other strains
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were collected varied considerably. Borers were collected near Houma 
from several fields in which endrin had been used, but for which a 
more exact history of insecticide use was not determined. Approxi­
mately 13 applications of endrin were made from 1959 through 1963 in 
the fields from which borers were collected at Franklin. Endrin was 
applied 14 times from 1958 through 1963 in the field at Meeker.
Endrin probably had been applied 14 to 18 times from 1959 through 
1963 in the fiields where borers were collected near Port Allen. Moths 
were trapped on the campus at Baton Rouge near small plots of corn 
and sugarcane which had been treated each year since 1957 with many 
insecticides including endrin.
Rearing Procedure
All sugarcane borer larvae used in tests during 1962 were fed 
the agar base corn powder diet developed by Isa (1961). Fourth, 
fifth and sixth instar larvae collected in the field were placed 
in shell vials 20 millimeters wide, 80 millimeters tall and one-third 
filled with the diet. Field collected pupae and those reared on 
artificial diet in the laboratory were placed in separate vials con­
taining moist cotton. Emerging moths were transferred to oviposi­
tion cages. Usually 15 to 20 pairs of moths were confined in each 
cage. Cages were made from half-gallon paper ice cream cartons lined 
with wax paper. The bottoms were removed from the cartons which were 
placed over dishes containing moist sand.
During 1963 a change was made in the oviposition cage. Instead 
of moist sand,.one to 2 inches of vermiculite were placed inside each
of the paper cartons and moistened at 2- to 3-day intervals. In addi­
tion to lining the inside of the cartons with wax paper, an extra 
piece was folded several times to give a corrugated effect and placed 
in each cage. Females usually preferred to oviposit on this corru­
gated piece of wax paper. As eggs were deposited, wax paper was re­
moved from the cages and cut into small pieces, each with an egg mass 
attached. These were rinsed in tap water and put in groups of 5 to 
10 in each vial containing a small amount of the diet. Within 12 hours 
after hatching first instar larvae were used in tests or were trans­
ferred to other vials each containing 10 to 15 ml of the diet. Small 
larvae were transferred with a fine camel's hair brush and usually 
were reared singly in separate vials.
Preparation of Diets
During 1962 the corn powder diet, described by Isa (1961) for the 
sugarcane borer, was used for routine rearing and for initial tests 
with the endrin-diet mixture. Later the efficiency of this diet was 
compared with that of 3 agar base wheat germ diets. These were (1) a 
diet prepared by Adkisson et al. (1960) for the pink bollworm, 
Pectinophora gossypiella (Saund.); (2) modification of this pink 
bollworm diet in which sorbic acid was deleted and formalin added; and
(3) another modification of the pink bollworm diet prepared by Berger 
(1963) for the bollworm, Heliothis zea (Boddie). The ingredients and 
quantities of each ingredient used in these diets are shown in table I. 
During 1963 all rearing and testing was conducted using the wheat germ 
diet of Adkisson et al. (1960) for the pink bollworm, with formalin and
Table I. Descriptions of artificial diets used to rear the sugarcane borer.
Ingredients
Sugarcane 
Borer Diet
Pink Bollworm 
Diet
Wheat Germ Diets 
Modified 
Pink Bollworm 
Diet
Bollworm
Diet
Corn powder 120.0 gm
Wheat germ - 54.0 gm 54.0 gm 54.0 gm
Casein (vitamin free) - 54.0 gm 54.0 gm 63.0 gm
Sucrose - 90.0 gm 90.0 gm 63.0 gm
Glucose 60.0 gm - - -
Salts (Wesson1s) 12.0 gm 18.0 gm 18.0 gm 18.0 gm
Yeast (Brewer's) 24.0 gm - - -
Cholesterol 2.4 gm - - -
Choline chloride 1.2 gm 1.8 gm 1.8 gm 1.8 gm
Potassium hydroxide (AM) - - - 9.0 ml
Cellulose - - - 9.0 gm
Vitamin solution - 18.0 ml 18.0 ml 18.0 ml
Ascorbic acid - 1 dropa 7.2 gm 7.2 gm
Formalin - - 0.9 ml 0.9 ml
Methyl £-hydroxybenzoate 3.6 gm 3.6 gm 2.7 gm 2.7 gm
Sorbic acid 1.8 gm 3.6 gm - -
Aureomycin - - - 0.54 gm
Bacto-agar 42.0 gm 36.0 gm 36.0 gm 45.0 gm
Distilled water 1500.0 ml 1480.0 ml 1518.0 ml 1510.0 ml
Total 1767.0 gm 1759.0 gm 1800.6 gm 1802.14 gm
aOne drop of 10% solution per vial on the surface of the solidified medium.
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ascorbic acid added.
Corn powder for the sugarcane borer diet of Isa (1961) was made 
by chopping young corn plants in a Waring blender and extracting with 
acetone as described by Pan and Long (1961). The vitamin solution 
used in the 3 wheat germ diets was the same as that used by Adkisson 
et al. (1960). Weighed amounts of niacinamide (200 mg), calcium 
pantothenate (200 mg), riboflavin (100 mg), thiamine (HCl) (50 mg), 
pyridoxine (HCl) (50 mg), folic acid (50 mg), biotin (4 mg), vitamin 
®12 (0»4 “8) and inositol (4000 mg) were mixed with distilled water 
to make 200 ml of vitamin solution. Sorbic acid and methyl £-hydroxy- 
benzoate were added to Isa’s sugarcane borer diet and Adkisson1s No. 1 
wheat germ diet in the form of 10% and 20% solutions (weight/volume) in 
ethyl alcohol, respectively.
The procedure for preparation of the corn powder diet was the 
same as described by Isa (1961). Six hundred grams of media were 
prepared at a time. Agar was first dissolved in distilled water in 
a water bath at 100°F. Then all the dry ingredients except the corn 
powder were added and mixed thoroughly with an electric stirrer. The 
mixture was again heated on the water bath. Methyl £-hydroxybenzoate 
and sorbic acid solutions and corn powder were added and mixed with 
the electric stirrer. The diet was left to cool and solidify at room 
temperature before it was cut and put in the vials. Each vial was 
approximately one-third filled with diet. Vials were then plugged 
with cotton and capped with aluminum foil.
To prepare the wheat germ diets 400 ml of distilled water were 
poured into a Waring blender. Weighed quantities of all the dry
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ingredients except agar were placed in the blender, one by one in the . 
order shown in table I. Each ingredient was mixed for a few seconds 
before adding the next one. Formalin and the vitamin solution were 
then pipetted into the mixture with further mixing. Finally the 
remaining quantity of distilled water was brought to boiling and agar 
was added and mixed thoroughly with an electric stirrer. The liquid 
agar mixture was then poured into the blender and all the ingredients 
were mixed 4 or 5 minutes. After thorough mixing the hot media was 
poured into vials until they were approximately one-third filled.
The racks containing the vials were covered with aluminum foil and 
left at room temperature until the diet had cooled.
Comparison of Diets
The sugarcane borer diet utilizing corn powder was compared with 
the pink bollworm diet in September 1962 (table II)• Forty vials of 
each diet was used and one newly hatched larva were placed in each vial. 
The vials were kept in dark temperature cabinets at 80°F. Observations 
were made daily and all pupae were sexed and weighed on the day of 
pupation. Pupae were then placed in vials with moist cotton until 
adult emergence. Data on per cent pupation, duration of larval and 
pupal development and weights of male and female pupae were obtained 
for both diets.
Similar data were obtained for the modified pink bollworm and 
bollworm diets in February 1963 (table II).
Insecticide Susceptibility Tests
In order to find a suitable technique for determining the suscep­
tibility to insecticides of sugarcane borer larvae, preliminary tests 
were conducted in which larvae were dipped in endrin-in-water emulsions, 
caged with sections of corn leaves which had been dipped, fed endrin- 
diet mixtures, or exposed to a residual film of endrin on a glass 
surface. The most reproducible and dependable results were obtained 
by the last 2 methods mentioned. These 2 methods therefore were used 
in studies to determine the susceptibility of sugarcane borers to 
insecticides.
Insecticide-diet mixture
In tests where insecticide-diet mixtures were used (tables III,
IV, V, XI, XII, XIII and XIV), 1 ml of acetone solution containing the 
desired amount of endrin was mixed with each 300 gig of hot media 
immediately after the diet was prepared. The hot diet mixture was 
poured into vials and allowed to cool as described above. Larvae of 
the desired ages were placed singly in each vial and vials were held 
in racks in temperature cabinets at 80i2°F.
From 30 to 120 larvae were tested at each of usually 5 or 6 dos­
ages .(table IV and V) in order to determine the LD-50 according to the 
method described by Finney (1947). Computations were made on an I. B. M. 
1620 digital computer.
Ip tests with newly hatched and 15-day-old larvae observations on 
pupation and death were recorded on alternate days, beginning on the 
20th and 5th day, respectively, after the larvae were put in the vials.
Larvae which failed to pupate within 45 days after eclosion were consi­
dered to have died. However, in the case of mature or nearly mature field 
collected larvae death was assumed if pupation did not occur within 20 
days after the larvae were placed in the vials.
During the summer of 1963, all tests with newly hatched and 15-day- 
old larvae were terminated aftet 10 days, and larvae which did not move 
when touched with the tip of a brush were considered dead.
Residual film
One ml of acetone solution containing the desired amount of insecti­
cide was pipetted into 125-ml Erlenmeyer flasks. Each flask was rotated 
so that the entire inner surface was washed with the solution. This 
rotation was continued until the acetone had evaporated. Treated flasks 
were left open at room temperature for about 30 minutes to permit the 
removal of acetone fumes from the flask by diffusion.
In tests with endrin (table VI) 10 to 20 newly hatched larvae were
placed in each flask, and 3 to 10 flasks or replications were used for 
each dosage. From 20 to 120 larvae were used to estimate mortality at 
each dosage level. The flasks were capped with aluminum foil and placed 
in a temperature cabinet at 80ir2°F. for 30 minutes. During 1963 this 
exposure was not sufficient to kill Port Allen strain larvae at doses 
many times higher than those required to kill larvae of other strains. 
Therefore, an exposure time of 5 hours was used instead of the standard 
30 minutes to establish an LD-50 for this strain.
A light, supplied by a 15-watt daylight type fluorescent bulb, was
placed about 12 inches below the flasks to attract the larvae to the 
bottom of these containers. After exposure to the insecticide film in
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the flasks the larvae were transferred to vials containing a small amount 
of diet. Five larvae were held in each vial for 96 hours before mortality 
was assessed.
Selection for Resistance
Susceptibility to endrin was measured using the residual film method 
for progeny of the Franklin strain, which had been reared continuously in 
the laboratory for approximately 10 months. Egg masses, designated as the 
parent (P) generation, were divided into 3 groups. Two hundred and 400 
newly hatched larvae from 2 of these groups were exposed to doses of 1 
and 2 ug per flask which resulted in average mortalities of 40% and 60%, 
respectively. One. hundred larvae from the third group were exposed simi­
larly in flasks which contained no insecticide, but which had been treated 
with acetone alone. This selection at dosages of 0, 1 and 2 ug was im­
posed on the parent (P) and on the Fi generations, and the susceptibility 
to endrin of the progeny of these insects was determined in the F^ and F2 
generations (table VII). All tests were conducted at 80i2°F.
Cross Resistance
When sugarcane borers of the Port Allen strain were found to be highly 
resistant to endrin in the late summer of 1963, tests were conducted to 
determine their susceptibility to other insecticides (table VIII). At 
approximately the same time similar tests were conducted with the rela­
tively endrin-susceptible Baton Rouge strain. Larvae used in these tests 
were progeny of insects collected in the field during August 1963. Tests 
were conducted at 80f2°F.
In each test 20 newly hatched larvae were exposed for 3 hours in each
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Erlenmeyer flask to one of the Insecticides, endosulfan (6, 7, 8, 9, 10, 
10-hexachloro-l, 5, 5a, 6, 9, 9a-hexahydro-6, 9-methano-2, 4, 3-benzo= 
dioxathiepin 3-oxide), guthion (o,o-dimethyl S-4-oxo-l, 2, 3-benzo- 
triazin-3(4H)-ylmethyl phosphorodithioate) or carbaryl (1-naphtyl N- 
methylcarbamate). Several dosages of each insecticide were included in 
each test. Usually 3 tests with each insecticide and dosage were con­
ducted at different times so that the estimated mortality resulting from 
any particular treatment usually was based upon results with 60 larvae.
Effects of Endrin on Borers Surviving Treatment
Effects of different lethal doses of endrin on pupal weight, 
longevity and mating of moths, fecundity of females and viability 
of eggs were studied in the sugarcane borer by both the residual 
film and the insecticide-diet mixture methods.
Survivors of the Franklin strain, following short contact ex­
posure to endrin, were compared in the parent (P) and F2 generations 
described in the section on selection for resistance (tables IX and 
X). Newly hatched larvae were exposed to endrin dosages of 0, 1, and 
2 ug of endrin per flask. Records subsequently were kept on pupal 
weights, longevity of moths and fecundity of females of these two 
generations. Weights of pupae were recorded on the date of pupation, 
and male and female pupae were placed in separate half-gallon paper 
ice cream cartons containing moist vermiculite. Single pairs of male 
and female moths which emerged on the same dates were transferred to 
1-pint ice cream cartons for oviposition. Observations were made 
daily until both the male and female had died in each cage. Eggs 
laid by individual females were counted under a binocular microscope,
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and then held in a vial at 80+2°F. for about 10 days until hatching was 
complete. Unhatched eggs were again counted to determine per cent via­
bility. Dead females were dissected under the microscope and those in 
which a spermatophore was found were presumed to have mated.
Effects of different doses of endrin in the larval diet were stu­
died in sugarcane borers of the Erath and Franklin strains. Survivors 
among newly hatched larvae reared at 80t2°F. in insecticide suscepti­
bility tests at doses of 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0 p.p.m. of
endrin in their diets were used in some of these studies (tables XI
and XII). Weights of pupae were recorded for insects reared at all 
dosages on the day that pupation first was observed to have occurred. 
However, data on longevity of moths, per cent mating, and fecundity 
of females were taken only for insects reared on diets containing 0.0,
0.2:and 0.4 p.p.m. of endrin. The procedure for rearing male and fe­
male moths was the same as described above.
The effect on pupal weights of lethal doses of endrin in the diet 
also was determined for larvae which were reared at 80t2°F. on the 
endrin diet only after they were 15 days old (table XIII).
To determine whether the observed reduction in mating among adults 
reared from larvae on diets containing 0.2 and 0.4 p.p.m. of endrin was 
due to the effects of endrin on females, various crosses were made be­
tween males and females of the combined Erath and Franklin strains 
from endrin-free diets and from diets containing endrin (table XIV). 
Moths from larvae reared on the endrin-free diet were designated as 
normal (N), males (M) or females (F), while those from diets containing 
endrin were designated as treated (T)• Normal males and females were
paired together. Treated females from the 2 different dosages of 
endrin were paired with treated and normal males. Treated males 
were not paired with normal females due to a shortage of treated 
males.
RESULTS
Comparison of Diets
Comparisons of the percentages of pupation, duration of larval deve­
lopment, lengths of the pupal stage and weights of pupae for sugarcane 
borers reared on the 4 diets described in table I are available in table 
II. From 90 to 95% of all newly hatched larvae started on these diets 
completed pupation successfully. Larval development required from 8 to 
10 days longer on the sugarcane borer diet, which was based on a corn 
plant powder extract, than on the pink bollworm and bollworm diets, 
which were based on wheat germ. The average duration of the pupal 
period varied from 6.7 to 7.4 days among the 4 diets> and was shortest 
for borers reared on the sugarcane borer diet and on the pink bollworm 
diet. Both male and female pupae from the wheat germ diets were heavier 
than those from the corn plant powder diet. Analyses of variance indi­
cated that there were significant differences at the 1% level in weights 
of male pupae and in the duration of larval and pupal periods, and at 
the 5% level in weights of female pupae among the 4 diets.
Susceptibility of Different Borer Strains to Endrin 
Insecticide-diet mixture
Table III shows that when mature or newly mature sugarcane borer
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Table II. Development of the sugarcane borer on artificial diets, Baton Rouge, Louisiana, 1962-63.
Number
of
Duration in Days of 
Per Cent Immature Stagesa
Average Weights of Pupae 
Male Female
Diets Larvae Pupation 7. Larvae Pupae Nos. Mgs. Nos. Mgs.
September 1962
Corn Plant Powder
Sugarcane Borer Diet 40 95.0 38.6 6.7 23 80.2 15 147.3
Wheat Germ
Pink Bollworm Diet 40 90.0 30.6 
February 1963
6.7 23 90.3 13 160.8
Modified Pink Bollworm Diet 40 92.5 28.8 7.4 20 84.2 17 161.3
Bollworm Diet 40 90.0 29.6 7.1 21 83.5 15 166.9
Summarized from data in Table XV in the appendix. 
^Summarized from data in Table XVI in the appendix.
Table III. Susceptibility of mature or nearly mature field-collected sugarcane borer larvae to
endrin in their diet, Baton Rouge, Louisiana, August 1963.
Endrin Number
Strain
in Diet 
(p.p.m.)
of
Larvae
Average Weights 
Larvae
inKgs.
Pupae
Per Cent 
Pupation
Baton Rouge 0 100 107.4 143.0 91
7 100 93.0 123.5 15
Franklin 0 100 97.8 138.5 90
7 100 102.1 120.7 14
Port Allen 0 100 113.3 149.7 94
7 100 118.6 140.6 81
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larvae were collected in the field and placed on an artificial diet con­
taining 7 p.p.m. of endrin, 81% of the larvae from the Port Allen collec­
tion pupated within 20 days. However, only 14% and 15%, respectively, of 
the larvae from the Franklin and Baton Rouge collections pupated on the 
endrin diet. Pupation on the control diet varied from 90 to 94% for 
larvae of the different collections or strains. In all strains, the 
average weights of pupae from the diet containing endrin were less than 
from the control diet.
The susceptibility of different strains of newly hatched larvae to 
endrin in their diet in 1962 is shown in table IV. During 1962, LD-50s 
for the Franklin and Houma strains were from 1.6 to 1.8 times greater 
than those from the Baton Rouge, Belle Glade and Erath strains, and 
these differences were significant according to the 95% confidence in­
tervals shown in the table. However, after maintenance of the Erath 
and Franklin strains in the laboratory for 9 to 10 months (5 or 6 gene­
rations), there was no significant difference between the LD-50s deter­
mined for these 2 strains. During this interval of laboratory rearing 
without insecticide selection pressure the LD-50 increased for the Erath 
strain and decreased for the Franklin strain.
The susceptibility of newly hatched larvae to endrin in their diets 
was determined in 1963 for the first and second generation progeny of 
field collected borers from Baton Rouge and Port Allen (table IV and 
figure 1). The LD-50 for larvae of the Port Allen strain was found to 
be 21 times as large as that of the Baton Rouge strain and 51 times as 
large as that determined for the Erath strain one year earlier.
The susceptibility of 15-day-old larvae to endrin in their diets
Table IV. Susceptibility of different strains of newly hatched sugarcane borer larvae to endrin in
their diet, Baton Rouge, Louisiana, 1962-63.a
Strain Year
LD-50
(P.p.m.)
95% Confidence 
Interval
LD-90
(p.p.m.)
95% Confidence 
Interval
Baton Rouge 1962 0.33 0.3029 - 0.3687 0.74 0.6372 - 0.8624
1963 0.79 0.7166 - 0.8650 1.88 1.6386 - 2.1509
Belle Glade 1962 0.32 0.2502 - 0.4046 1.09 0.6778 - 1.7535
Erath 1962b 0.32 0.2616 - 0.3963 0.77 0.5603 - 1.0686
196? 0.44 0.3979 - 0.4883 1.24 1.0316 - 1.5013
Franklin 1962b 0.58 0.5257 - 0.6411 1.27 1.0466 - 1.5446
1963 0.41 0.3676 - 0.4643 1.52 1.1927 - 1.9272
Houma 1962 0.53 0.4373 - 0.6381 1.26 0.8793 - 1.8197
Port Allen 1963 16.47 15.6700 -17.3050 26.37 24.4267 -28.4749
Summarized from data in table XVII in the appendix.
^Larvae were from borer population maintained approximately 9 to 10 months in laboratory after 
collection from field in July and August 1962.
PE
R 
CE
NT
 
MO
RT
AL
IT
Y
99.5
90
/
50
j? -Baton Rouge ?ort Allen
20
/
0.15
Figure
0.3 1.0 3.0
P. P. M. OF ENDRIN IN DIET
10.0 30.0 70.0
1. Log-dosage-probit lines showing the responses to endrin in the diets of newly 
hatched sugarcane borer larvae from Baton Rouge and Port Allen, Louisiana, 
September-November, 1963.
N
43
was determined in 1963 for borers of the Baton Rouge, Erath, Franklin 
and Port Allen strains. These results are summarized in table V and 
figure 2. There was no significant difference between the LD-50s 
determined for the Erath and Franklin strains. However, the LD-50 
for the Baton Rouge strain was 1.5 times as large as that for the 
Erath strain, and the LD-50 for the Port Allen strain was 16 times 
as large as that of the Erath strain. Based on the 957s confidence
intervals shown in the table, the Port Allen strain was significantly
more resistant to endrin than any other strain tested, and the Baton 
Rouge strain was significantly more resistant than the Erath and 
Franklin strains.
Residual film
Dosage-mortality data were also obtained by the residual film 
method with newly hatched larvae of the Belle Glade, Franklin and 
Houma strains in 1962 (table VI). LD-50s for the Houma and Franklin 
strains were 1.5 and 1.6 times as large as the LD-50 for the Belle 
Glade strain. The 95% confidence intervals for the Belle Glade and 
Franklin strains did not overlap. After maintenance of the Franklin 
strain in the laboratory for 9 to 10 months (5 or 6 generations), the
LD-50 had decreased from 1.77 to 1.38.
In 1963, dosage-mortality data were again obtained by the residual 
film method with newly hatched larvae, but only for the Baton Rouge, 
Erath, Franklin, Meeker and Port Allen strains. The LD-50 determined 
with first and second generation progeny of field collected borers from 
Erath was significantly lower than the LD-50 for any other strain.
Table V. Susceptibility of different strains of 15-day-old sugarcane borer larvae to endrin in
their diets, Baton Rouge, Louisiana, April-November 1963.?
Strain
LD-50
(p.p.m.)
95% Confidence 
Interval
LD-90
(p.p.m.)
95% Confidence 
Interval
Baton Rouge 3.84 3.4072 - 4.3267 12.06 9.8439 : 14.7688
Erathb 2.55 2.2784 - 2.8626 6.50 5.6756 - 7.4383
Franklinb 2,52 2.2291 - 2.8419 7.00 6,0379 - 8.1286
Port Allen 40.66 36.8887 -44.8065 102.70 88.3028 -119.4330
Summarized from data in table XVIII in the appendix.
bLarvae were from borer population maintained approximately 9 to 10 months in laboratory after 
collection from field in July and August 1962.
-p*
■p»
PE
R 
CE
NT
 
MO
RT
AL
IT
Y
99.5
'ort Allen Baton Rouge
50
700100 3001.5 303 10
P. P. M. OF ENDRIN IN DIET
Figure 2. Log-dosage-probit lines showing the responses to endrin in the diets of 15-day-old
sugarcane borer larvae from Baton Rouge and Port Allen, Louisiana, September- 
November, 1963.
Table VI. Susceptibility to endrin of newly hatched sugarcane borer larvae of different strains,
residual film method, Baton Rouge, Louisiana, 1962-63.a
Strain Year
LD-50
(ug/Elask)
95% Confidence 
Interval
LD-90
(ug/Flask)
95% Confidence 
Interval
Baton Rouge 1963 3.09 2.7032 -.3.5359 9.31 7.8392 -11.0539
Belle Glade 1962 1.14 0.9452 - 1.3796 2.88 2.2183 - 3.7337
Erath 1963b 1.43 1.3319 - 1.5357 3.74 3.3543 - 4.1793
1963 1.74 1.5673 - 1.9299 4.98 4.1247 - 6.0224
Franklin 1962 1.77 1.5972 - 1.9593 5.30 4.3689 - 6.4241
1963 1.38 1.2683 - 1.5074 4.78 4.1045 - 5.5774
1963 4.10 3.6938 - 4.5600 11.50 9.6273 -13.7441
Houma 1962 1.72 1.3463 - 2.2065 7.44 4.2309 -13.0808
Meeker 1963 3.43 3.1099 - 3.7905 7.95 7.0225 - 9.0084
Port Allen 1963c 10.18 9.1486 -11.3283 28.90 24.1249 -34.6283
aSummarized from data in table XIX in the appendix.
^Larvae were from borer population maintained approximately 9 to 10 months in laboratory after 
collection from field in July and August, 1962.
cLarvae were exposed to endrin residue for 5 hours instead of the standard 30 minute exposure 
time.
•c*
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LD-50s for the Baton Rouge, Franklin and Meeker strains were 1.8 to 2.4 
times larger than the LD-50 for the Etfath strain. The LD-50 determined 
for the Port Allen strain was much higher than that for any other strain, 
but was determined only by using a 5-hour exposure period instead of the 
standard 30 minute exposure time which was used with the other strains. 
Therefore, an exact comparison cannot be made between the Port Allen and 
the other strains.
Selection for Resistance
Data on the susceptibility to endrin of the successive generations 
of newly hatched larvae following selection by the residual film method 
are given in table VII. The data show that LD-50s for larvae selected 
at 1 ug per flask did not differ significantly from those for larvae 
which had not been subjected to selection pressure during 2 successive 
generations. However, LD-50s were significantly higher in each gene­
ration for larvae selected at 2 ug per flask than for larvae which had 
not been subject to selection pressure during 2 successive generations.
Cross Resistance
Table VIII shows data obtained on October 1963 on the suscepti­
bility of newly hatched larvae of endrin-susceptible (S) and endrin- 
resistant (R) strains to endosulfan, guthion and carbaryl by the resi­
dual film method. Log-dosage-probit (1-d-p) lines based on these data 
are presented in figures 3, 4and 5. The LD-50 of endosulfan deter­
mined for the newly hatched larvae of the endrin-R Port Allen strain 
was 31 times as large as that for the Baton Rouge strain. Figure 3
Table VII. Susceptibility to endrin of successive generations of newly hatched sugarcane borer 
larvae of the Franklin strain following selection by the residual film method at 
dosages of 0, 1 and 2 ug per flask, Baton Rouge, Louisiana, April-August 1963.a
Generation
LD-50 (ug/Flask) 95% Confidence Interval (ug/Flask)
0.0 1.0 2.0 0.0 1.0 2.0
P 1.27 1.1240 - 1.4456
*1 1.04 1.13 1.37 0.9001 - 1.1478 1.0105 - 1.2641 1.2289 - 1.5165
*2 1.34 1.42 1.72 1.1980 - 1.4903 1.2700 - 1.4903 1.5652 - 1.8939
£
Larvae were from a borer population which had been maintained approximately 9 to 10 months in 
the laboratory after collection from the field at Franklin, Louisiana in July and August 1962. 
Summarized from data in table XX in the appendix.
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Table VIII. Susceptibility of newly hatched sugarcane borer larvae of an endrin-susceptible and
endrin-resistant strain to endosulfan, guthion and carbaryl by the residual film
method, Baton Rouge, Louisiana, October 1963.a
Insecticide Strain
LD-50
(ug/Flask)
95% Confidence 
Interval
LD-90
(ug/Flask)
95% Confidence 
Interval
Endosulfan Baton Rouge (S) 0.28 0.2350 - 0.3431 0.90 0.6910 - 1.1663
Port Allen (R) 8.58 7.4344 - 9.8973 25.20 18.8779 -33.6295
Guthion Baton Rouge (S) 0.22 0.1912 - 0.2689 0.45 0.3838 - 0.5283
Port Allen (R) 0.21 0.1633 - 0.2674 0.51 0.4162 - 0.6286
Carbaryl Baton Rouge (S) 0.30 0.2597 - 0.3476 0.85 0.6820 - 1.0588
Port Allen (R)' 0.28 0.2499 - 0.3222 0.61 0.5122 - 0.7154
Summarized from data in Table XXI in the appendix.
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shows that the slopes of the 1-d-p lines are approximately the same for 
the 2 strains.
Table VIII also shows that there were no significant differences 
in LD-50s of guthion and carbaryl between the endrin-susceptible and 
endrin-resistant strains. Figures 4 and 5 shows that the slopes of 
1-d-p lines for the 2 strains do not differ greatly with guthion.and 
carbaryl.
Effects of Endrin on,Borers Surviving Treatment
Weights of surviving pupae are shown in table IX for the parent 
generation of the Franklin strain and for the F2 generation following 
short contact exposure of newly hatched larvae to endrin in the P, F^ 
and F2 generations. Analyses of variance showed that there were no 
significant differences in weights of male or female pupae of either 
generation among the 3 dosages of endrin including the check.
Longevity of adult males and females, per cent mating and fecundity 
of surviving moths of the P and F2 generations following short contact 
exposure of newly hatched larvae of the P, F^ and F2 generations to 
different amounts of endrin are shown in table X. The data indicate 
that there was little average difference in longevity of male and female 
moths, per cent mating, eggs laid per female and per cent of eggs 
hatching among the different endrin treatments in either the P or F£ 
generations. Analyses of variance was performed to determine if differ­
ences among the endrin treatments were significant for all criteria 
except per cent mating. These analyses indicated no significant differ­
ences at the 5% level.
Table IX. Weights of male and female sugarcane borer pupae of the P and F2 generations following 
short contact exposures of Franklin strain larvae of the P, Fi and F2 generations to 
endrin, Baton Rouge, Louisiana, April-August 1963.a
Generation
Endrin 
Per Flask 
(ug)
Number
of
Larvae
Per Cent 
Mortality Nos
Average Weights of Pupae 
Males Females
Mjg§.. Nos. Mgs.
P 0 100 2 33 78.7 30 151.2
1 100 39 31 80.9 35 150.3
2 100 64 30 76.6 31 155.8
F2 0 100 3 19 79.9 23 158.1
1 100 42 16 79.8 17 147.4
2 100 49 17 80.1 20 155.5
Summarized from data in table XXII in the appendix.
Ul
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Table X. Longevity, per cent mating, and fecundity of sugarcane borer moths of the P and F2 genera­
tions following short contact exposure of Franklin strain larvae of the P, F^ and F2 
generations to endrin, Baton Rouge, Louisiana, April-August 1963.a
Endrin Average Longevity of Moths  Fecundity
Generation
Per Flask 
(ug)
Males 
Nos. Days
Females 
Nos. Days
Per Cent 
Mating
Eggs Pgr 
Female
Per Cent 
Hatch
P 0 20 3.8 20 4.8 75.0 427.6 75.5
1 20 3.4 20 4.6 65.0 496.8 77.2
2 20 2.8 20 3.9 75.0 463.8 81.4
F2 0 14 3.0 14 4.5 78.6 489.6 88.5
1 12 3.2 12 4.1 83.3 454.3 89.1
2 13 3.0 13 4.0 76.9 527.3 87.6
Summarized from data in tables XXIII and XXIV in the appendix. 
^Based on mated females only.
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Table XI shows the weights of pupae reared from newly hatched 
larvae of the Erath and Franklin strains on a diet containing different 
amounts of endrin. Male and female pupae from larvae reared In the 
control diet were heavier than those from any of the endrln-diet mix­
tures. In both sexes there was a gradual decrease in average weights 
of pupae as the amount of the endrin in the larval diet increased from 
0 to 1 p.p.m. Analyses of variance indicated that differences in 
weights of both males and females among the different endrin treatments 
were significant at the 1% level.
Data on longevity of male and female moths, per cent mating and 
fecundity of moths reared from newly hatched larvae of the Erath and 
Franklin strains on diets containing 0.0, 0.2 and 0.4 p.p.m. of endrin 
are shown in table XII. The survival periods of both male and female 
moths obtained from diets containing endrin were shorter than those 
of moths from the control diet. Analyses of variance showed that in 
both sexes, there were significant differences among endrin treatments 
at the 1% level. Only 10% of the females obtained from the diet con­
taining 0.2 p.p.m, of endrin mated, and no females from the diet con­
taining 0.4 p.p.m. of endrin mated. However, approximately 72% of the 
females from the control diet mated. Endrin at 0.2 and 0.4 p.p.m. in 
the diet severely reduced the number of eggs laid per female, and none 
of these eggs hatched. Eighty four per cent of the eggs laid by females 
from the control diet hatched.
Data are given in table XIII on per cent mortality and average 
weights of male and female pupae from surviving larvae which were 
placed on diets containing different amounts of endrin only after they
Table XI. Weights of male and female sugarcane borer pupae reared from newly hatched larvae of the 
Erath and Franklin strains on a diet containing different amounts of endrin, Baton Rouge, 
Louisiana, March-June 1963.
Endrin Average Weights of Pupai5
in Diet 
(p.p.m.)
Per Cent 
Mortality
Males
Nos. Mgs.
Females
Nos. Mgs.
0.0 7.3 113 82.3 91 162.4
0.2 30.9 70 78.5 82 153.0
0.4 48.6 55 74.3 55 133.6
0.6 58.2 41 65.7 43 128.5
0.8 72.3 26 62.8 32 123.0
1.0 94.5 5 56.2 7 111.5
Summarized from data in table XXV in the appendix.
Table XII. Longevity, mating and fecundity of sugarcane borer moths reared from newly hatched 
larvae of the Erath and Franklin strains on a diet containing different amounts of 
endrin, Baton Rouge, Louisiana, March-June 1963.a
Endrin 
in Diet 
(p.p.m.)
Per Cent
Larval
Mortality
Average Longevity of Moths Mating Fecundity15
Males 
Nos. Days
Females 
Nos. Days
No. of 
Pairs
Per Cent 
Mating
Eggs Per Per Cent 
Female Hatch
0.0 7.3 74 2.8 74 3.9 74. 71.6 396.0 84.0
0.2 30.9 39 2.4 67 3.3 39 10.0 67.7 0.0
0.4 48.6 26 1.5 45 2.5 26 0.0 17.1 0.0
Summarized from data in tables XXVI and XXVII in the appendix, 
Sased on mated and non-mated females which laid eggs.
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Table XIII, Effect of endrin on weights of surviving sugarcane borer pupae reared from I5-day-old
larvae placed on diets containing different amounts of toxicant, Baton Rouge, Louisiana, 
April-May 1963,a
Endrin 
in Diet 
(p.p.m.)
Per Cent 
Mortality Nos.
Average Pupal Weights of Survivors 
Males Females
Mgs. Nos. Mgs.
0 2.0 100 80.8 95 163.8
1 15.0 82 73.8 86 156.4
3 56.0 36 67.3 52 138.8
5 81.0 15 68.0 23 135.2
7 88.0 14 65.5 10 128.9
9 99.5 — ---- 1 115.3
£
Summarized from data in table XXVIII in the appendix.
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were 15 days old. Average weights of both male and female pupae 
decreased with increasing amounts of endrin in the diet. Analyses 
of variance showed that there were significant differences at the 1% 
level in pupal weights among the endrin treatments for both sexes.
It is also apparent from the mortality data that survival was very 
low when more than 3 p.p.m. of endrin were present in the diet.
Per cent mating, average numbers of eggs laid per female and 
egg viability for females of different crosses between moths of the 
Erath and Franklin strains, which survived larval rearing on diets 
containing 0.0, 0.2 and 0.4 p.p.m. of endrin, are shown in table XIV.
In the Erath strain treated females did not mate with treated or nor­
mal males, while 65.6% of normal females mated when paired with nor­
mal males. In the Franklin strain 76.2% of normal females mated when 
paired with normal males. However, only approximately 17% of treated 
females mated when paired with normal or treated males at the treat- 
ment level of 0.2 p.p.m. of endrin in the diet. At a level of 0.4 
p*p,m. of endrin in the diet treated females did not mate at all with 
either normal or treated males.
Data in table XIV also show that fewer eggs were laid by treated 
than by normal females, and that none of the eggs laid by treated 
females were viable. Although not shown in the table, the numbers of 
eggs laid by the few individual females of the Franklin strain which 
did mate after surviving 0.2 p.p.m. of endrin in their larval diet 
were as follows: 16, 80 and 12 when mated with normal males; 21 and
42 when mated with treated males.
Table XIV. Effect of endrin on mating and fecundity of sugarcane borers reared only on diets
containing different amounts of the toxicant, Baton Rouge, Louisiana, March-June 1963.a
Strain
Endrin 
in Diet 
(p.p.m.) Grosses
No. of 
Pairs
Per Cent 
Mating
Average No. of . 
Eggs Per Female 
Females Eggs
Per Cent 
Egg Hatch
Erath 0.0 NM X NF 32 65.6 26 420 86.0
0.2 TM X TF 16 0.0 10 67 0.0
n m X TF 11 0.0 9 82 0.0
0.4 TM X TF 11 0.0 3 21 0.0
NM X TF 8 0.0 4 17 0.0
Franklin 0.0 NM X NF 42 76.2 38 380 82.5
0.2 TM X TF 23 17.4 13 64 0.0
NM X TF 17 17.6 17 63 0.0
0.4 TM X TF 15 0.0 6 15 0.0
NM X TF 11 0.0 4 44 0.0
Summarized from data in table XXIX in the appendix.
DISCUSSION
The sugarcane borer diet developed by Isa (1961) and the pink 
bollworm diet by Adkisson et al. (1960) were evaluated in September 
1962, while the modified pink bollworm diet and the bollworm diet of 
Berger (1963) were evaluated in February 1963 (table II). Although 
there was a time lapse of 6 months between the 2 tests, comparison 
of all 4 diets appears to be justified by the fact that results were 
very similar between the pink bollworm and modified pink bollworm 
diets which were tested at the 2 different times.
During 1962 laboratory tests were conducted to determine the 
susceptibility to endrin of newly hatched larvae from 3 locations in 
Louisiana and one in Florida fcables IV and VI) , The response to 
endrin of sugarcane borer larvae from Erath and Belle Glade, where 
no endrin had been used previously to control sugarcane borers, was 
compared to the response to endrin of those from the Baton Rouge, 
Franklin and Houma areas where endrin had been used for sugarcane 
borer control since 1958. The Baton Rouge, Belle Glade and Erath 
strains were found almost identical in their responses to endrin. 
However, Houma and Franklin strains showed a significant resistance 
ratio of 1.7 and 1.8, respectively, as compared to the Erath strain.
During 1963 considerable differences were observed in the re­
sponses to endrin of mature or nearly mature field-collected larvae
62
63
from Baton Rouge, Franklin and Port Allen (table III). This was the 
first proof of the existence of a high level of resistance to endrin
in a population of sugarcane borers in Louisiana.
Dosage-mortality data from feeding and residual film tests with 
newly hatched larvae from Baton Rouge, Erath, Franklin, Meeker and 
Port Allen during 1963 are shown in tables IV and VI. Erath strain 
larvae again represented a locality where no endrin previously had 
been used in sugarcane. The Baton Rouge strain represented a locality 
where endrin and other insecticides has been used on small experimental 
plots since 1957. Franklin strain larvae were from a locality where 
approximately 13 applications of endrin were made from 1957 through 
1963. Meeker strain larvae were from a locality where endrin was 
applied 14 times from 1958 through 1963. The Port Allen strain was 
from a locality where endrin had been applied from 14 to 18 times from
1959 through 1963. As shown in tables IV and VI, the Baton Rouge,
Franklin and Meeker strains showed an increase in LD-50 values of a 
very low magnitude (2-fold) compared to the Erath strain. However, the 
Port Allen strain showed relatively much greater increases in LD-50 
values compared to that of the other strains.
From these results it appears that in localities of Louisiana where 
endrin has been used previously to control the sugarcane borer, at least 
low levels.of resistance to endrin have developed. The high level of 
resistance of the Port Allen strain, which had only a few more appli­
cations of endrin compared to the other localities, suggests that, in 
those areas where low levels of resistance now have developed, a high 
level of resistance may develop after a few more endrin applications.
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From the 1-d-p lines (figure 1) it appears that the Port Allen strain, 
which is represented by a steeper slope than the Baton Rouge strain, 
is more homogeneous in its response to endrin. A more homogeneous 
response may be anticipated in the Baton Rouge strain if and when this 
population develops greater resistance to endrin.
Studies with 15-day-old larvae indicated that the susceptibility 
to endrin of sugarcane borer larvae decreases as the age of the larvae 
increases (table V). The ratio of LD-50 values for 15-day-old larvae 
to those for newly hatched larvae was: Franklin, 6.1; Erath, 5.8; 
Baton Rouge 4.7; and Port Allen, 2.7. These comparisons of larvae 
of 2 different ages were based upon mortality counts after feeding on 
endrin-mixed diets. Since it was not determined that newly hatched 
larvae feed at the same rate as 15-day-old larvae, the relative sus­
ceptibility of larvae of the 2 different ages as determined above may 
be questionable. However, the above ratios do suggest that endrin 
resistance developed to a greater extent in newly hatched than in 
15-day-old larvae.
The 1-d-p lines for 15-day-old larvae of the Baton Rouge and Port 
Allen strains are shown in figure 2. The slopes of these 2 lines are 
practically the same. However, the 1-d-p lines shown in figure 1 for 
newly hatched larvae indicate that the relatively endrin-resistant Port 
Allen strain.is more homogeneous than the Baton Rouge strain. This 
lends further support to the now emerging idea that differences in 
response of a population to endrin may be detected more easily in newly 
hatched than in 15-day-old larvae.
A colony of the Franklin strain, which was maintained for 9 to 10
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months in the laboratory without insecticide pressure, showed a small 
increase in tolerance to endrin when selected for 2 successive gene­
rations at 2 ug per flask (table VII). The average mortality during 
selection was 60%. Since the Franklin strain appeared to have deve­
loped a low level of resistance in the field prior to laboratory selec­
tion (table VI), it was thought that further selection for a few gene­
rations might induce a higher level of resistance. More than a small 
increase in tolerance might have followed selection for a greater 
number of generations. On the other hand, this might not have resulted 
due to the limitations of an inbred colony derived from a few indivi­
duals which might have had only a fraction of the gene pool existing 
in the field population.
Data from cross resistance studies summarized in table VIII indi­
cate that the Port Allen strain, which was highly resistant to endrin* 
had developed a 31-fold tolerance to endosulfan when compared to a 
relatively endrin-susceptible Baton Rouge strain. The slopes of the 
1-d-p lines for endosulfan with both strains were almost the same and 
relatively flattened (figure 3), in comparison to similar slopes for 
guthion and carbaryl (figures 4 and 5). This indicates that these 
populations are relatively heterogeneous toward endosulfan, and that an 
even higher level of cross resistance may develop with continual selec­
tion. Guthion and carbaryl were equally effective against both strains. 
The slopes of the 1-d-p lines for these insecticides are quite steep, 
indicating that the Baton Rouge and Port Allen strains are homogeneous 
toward these toxicants, and therefore that cross resistance is not 
expected to develop between endrin and these toxicants in the near
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future.
As evident from tables IX and X, there were no significant effects 
of two different doses of endrin on the survivors of newly hatched sugar­
cane borer larvae.following short contact exposure to the toxicant in 2 
successive generations. However, when endrin was present in the larval 
diet its effects on the survivors were pronounced.(tables XI, XII, XIII 
and XIV). As the doses of endrin increased in the rearing medium pupal 
weights, longevity of moths and fecundity of females decreased. Possi­
bly the presence of endrin in the diet inhibited the normal rate of 
feeding of the treated groups. However, it is also, possible that the 
physiology of the surviving moths of the treatment groups was in some 
way adversely affected. The moths which emerged from the treatment 
groups appeared to be normal except for their smaller size. Only a 
very small percentage of treated females mated, regardless of whether 
they were paired with treated or untreated males, and in no case viable 
eggs were laid by the treated females. This proves that at least the
I
females were adversely affected by endrin.
CONCLUSIONS
Sugarcane borer larvae developed faster and grew larger on 3 
similar agar diets containing wheat germ and other nutrients 
than they did on an agar diet containing an acetone extract 
from corn plants with other nutrients added. Less time and 
effort was required to prepare the diets containing the wheat 
germ than was required for the diet containing an acetone 
extract from corn powder.
Field populations of the sugarcane borer from the vicinity of 
Port Allen, Louisiana were highly resistant to endrin in 1963.
Low levels of approximately 2-fold resistance were found in 
populations from Baton Rouge, Franklin and Meeker.
The highly endrin-resistant Port Allen strain was approximately 
31 times as tolerant to endosulfan as the relatively susceptible 
Baton Rouge strain. These two strains were approximately equally 
susceptible to guthion and carbaryl.
A small but significant increase in tolerance to endrin of newly 
hatched Franklin strain larvae, from a population which had been 
subject to selection by commercial field applications of endrin 
for several years, was measured after laboratory selection for 
only 2 successive generations at a dosage of 2 ug per flask, which 
gave approximately 60% mortality.
LD-50s for 15-day-old larvae of different strains required from 
approximately 2\ to 5 times as much endrin in the diet as was 
required for newly hatched larvae. The effect of age of the 
larvae on their tolerance to endrin apparently was less pro­
nounced in a strain highly resistant to endrin than in a rela­
tively susceptible strain.
Differences in susceptibility to insecticides among populations 
of the sugarcane borer may be detected more easily in newly 
hatched than in 15-day-old larvae.
Different dosage levels of endrin in the larval diet reduced 
pupal weight, moth longevity, mating, oviposition and egg via­
bility among survivors of these treatments. However, short 
contact exposure of newly hatched larvae to the different doses 
had no apparent adverse effects on survivors.
The adverse effects on mating, oviposition and egg viability 
among survivors of endrin diet mixtures definitely resulted, at 
least in part, from effects of the insecticide on females. It 
was not determined if adverse affects on males also were involved.
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APPENDIX
Table XV. Weights in mgs. of male and female sugarcane borer pupae reared from newly hatched 
larvae on 4 different artificial diets, Baton Rouge, Louisiana, 1962-63.
Sugarcane Borer Pink Bollworm Modified Pink Bollworm
Pupa Diet...........  Diet...........  Bollworm Diet . . Diet
No. (September 1962) (September 1962) (February 1963) (February 1963)
Male Female Male Female Male Female Male Female
1 65.3 138.5 100.0 159.3 75.6 162.7 89.0 128.4
2 75.1 177.5 103.1 158.8 89.2 178.2 83.9 148.2
3 71.3 155.9 115.2 145.8 93.6 208.6 82.2 179.3
4 75.6 115.7 102.2 171.0 69.4 169.6 100.3 155.2
5 60.0 128.7 97.0 145.2 110.6 158.6 79.7 205.2
6 89.4 154.8 98.0 158.5 104.2 148.2 66.4 192.0
7 83.2 166.4 83.7 170.3 76.8 135.7 91.6 149.8
8 76.2 147.9 97.3 168.7 89.5 158.2 85.8 145.3
9 105.9 138.5 87.3 162.1 91.2 201.7 85.4 190.9
10 79.3 150.0 77.8 155.9 81.3 167.6 74.9 197.5
11 95.6 155.2 78.6 169.2 75.6 152.5 82.6 168.6
12 72.9 153.4 93.6 155.4 91.4 168.6 105.5 206.2
13 64.8 119.7 76.2 - 76.4 141.0 103.4 132.8
14 112.7 144.2 91.2 - 74.2 143.6 75.6 157.5
15 82.5 163.2 85.1 - 63.4 163.5 67.5 147.4
16 73.2 - 94.0 - 94.2 138.6 84.6- -
17 93.0 - 83.5 - 78.6 145.2 82.6 -
18 84.0 - 78.6 - 69.3 - 83.5 -
19 76.4 - 92.8 - 87.0 - 80.5 -
20 83.3 - 75.2 - 92.5 - 82.0 -
21 89.4 - 89.3 - - - 68.2 -
22 71.3 - 77.2 - - - - -
23 64.8 . - 101.3 - - - -
O'
Table XVI. Duration in days of immature stages of the sugarcane borer reared on 4 different
artificial diets, Baton Rouge, Louisiana, 1962-63.
Sugarcane Borer Pink Bollworm Modified Pink Bollworm
Insect Diet Diet Bollworm Diet Diet
No. (September 1962) (September 1962) (February 1963) (February 1963)
Larvae . Pupa_______Larva_______Pupa_______Larva_______Pupa_______Larva_______Pupa
1 32 6 24 7 20 8 21 7
2 32 6 24 8 22 7 21 6
3 32 7 25 8 22 7 22 8
4 33 7 25 8 23 6 22 8
5 33 7 25 7 25 8 23 8
6 33 6 25 6 25 - 24 6
7 33 6 27 - 25 6 24 8
8 33 6 27 8 25 7 24 9
9 33 7 27 7 25 6 24 8
10 35 7 27 8 25 9 25 7
11 35 6 27 8 25 9 25 -
12 35 6 27 6 26 8 27 7
13 36 7 27 6 28 8 27 9
14 36 - 27 - 28 8 27 8
15 36 6 27 6 28 7 30 7
16 38 8 28 - 28 6 30 8
17 38 7 28 6 28 6 30 7
18 38 8 28 6 28 6 30 6
19 38 7 28 7 28 7 31 6
20 39 6 28 6 29 8 32 5
21 39 9 33 6 29 - 32 6
22 39 9 33 7 29 9 32 7
23 41 - 33 6 29 6 32 8
24 41 7 33 5 30 6 32 8
25 41 6 33 6 30 7 32 7
Table XVI. (Continued)
Sugarcane Borer Pink Bollworm . Modified Pink Bollworm
Insect Diet Diet Bollworm Diet Diet
No. (September 1962) (September 1962) (February 1963) (February 1963)
______________Larva_______Pupa_______Larva_______Pupa_______Larva_______Pupa_______Larva_______Pupa
26 41 6 35 - 30 8 32 7
27 41 6 35 7 30 8 34 7
28 41 6 36 7 32 9 34 -
29 42 7 36 8 32 8 35 6
30 42 7 36 8 32 8 35 6
31 43 - 36 7 33 7 35 7
32 43 7 38 - 33 7 35 9
33 43 7 38 6 36 8 35 8
34 43 6 . 38 6 36 6 36 6
35 43 7 39 6 36 - 38 6
36 45 6 39 6 40 9 38 8
37 45 6 - - 40 9 - -
38 45 6 - - - - - -
00
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Table XVII. Mortality of newly hatched larvae in tests with endrin-diet
mixtures^ Baton Rouge, Louisiana, 1962-63.
Endrin No. of No. of Corrected
in Diet Larvae Larvae Per Gent Per Cent
(p.p.m.) Tested  Killed_______ Mortality Mortal itya
Baton Rouge Strain, June-July. 1962
0.00
U B U W i l 1 \ W U ^ V i,
72 3 4.1 0.0
0.15 72 12 16.6 13.0
0.30 72 35 48.6 46.4
0.45 72 42 58.3 57.5
0.60 72 58 80.5 79.6
0.75 72 71 98.6 98.5
Baton Rouge Strain, October; 1963
0.0 100 2 2 0.0
0.4 100 18 18. 16.3
0.8 100 57 57 56.1
1.2 100 65 65 64.3
1.6 100 83 83 82.7
2.0 100 97 97 96.9
Belle Glade Strain, August^ 1962-
- '
0.0 30 0 0.0 0.0
0.1 30 6 20.0 20.0
0.3 30 9 30.0 30.0
0.5 30 16 53.3 53.3
0.7 30 30 100.0 100.0
Erath Strain, December; 1962
0.0 20 0 0 0
0.1 20 4 20 20
0.2 20 8 40 40
0.4 20 8 40 40
0.6 20 16 80 80
0.8 20 20 100 100
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Table XVII. (Continued)
Endrin No. of No. of Corrected
in Diet Larvae Larvae Per Cent Per Cent
(p.p.m.)_______Tested________Killed_______Mortality_____ Mortality
Erath Strain, March-June, 1963**
0.0 100 7 7 0.0
0.2 100 25 25 19.3
0.4 100 49 49 45.1
0.6 100 59 59 55.9
0.8 100 77 77 75.2
1.0 100 .92 92 91.3
Franklin Strain. August? 1962
0.0 60 2 3.3 0.0
0.2 60 7 11.6 8.5
0.4 ' 60 16 26.6 24.0
0.6 60 26 43.3 41.3
0.8 60 40 66.6 65.4
1.0 60 56 93.3 93.0
Franklin Strain, April-May, 1963 b
0.0 120 9 7.5 0.0
0.2 120 43 35.8 30.5
0.4 120 58 48.3 44.1
0.6 120 69 57.5 54.0
0.8 120 82 68.3 65.7
1.0 120 116 96.6 96.3
Houma Strain, August 1962
0.0 20 0 0 0
0.2 20 4 20 20
0.4 20 3 15 15
0.6 20 8 40 40
0.8 20 16 80 80
1.0 20 19 95 95
Table XVII. (Continued)
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Endrin 
in Diet 
(p.p.m.)
No. of 
Larvae 
Tested
No. of 
Larvae 
Killed
Per Cent 
Mortality
Corrected 
Per Cent 
Mortality
Port Allen Strain, September-November; 1963
0 100 1 1 0.0
12 100 25 25 24.2
16 100 46 46 45.5
20 100 59 59 58.6
24 100 87 87 86.9
28 100 97 97 97.0
aComputed by Abbot's (1925) formula.
^Larvae were from borer population maintained approximately from 9 to 10 
months in laboratory after collection from field in July and August^ 1962.
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Table XVIII. Mortality of 15-day-old larvae in tests with endrin-diet
mixtures, Baton Rouge, Louisiana, 1963.
Endrin No. of No. of Corrected
in Diet Larvae Larvae Per Cent Per Cent
(p.P.m.) Tested Killed Mortality Mortality
Baton Rouge Strain, Sept ember-November, 1963
0 100 5 5 0.0
2 100 27 27 23.2
4 100 56 56 53.7
6 100 69 69 67.4
8 100 78 78 76.8
10 100 89 89 88.4
Erath Strain, April-May, 1963a
0 100 2 2 0.0
1 100 13 13 11.2
3 100 58 58 57.1
5 100 81. 81 80.6
7 100 90 90 89.7
9 100 99 99 98.9
Franklin Strain. April-May, 1963a
0 100 2 2 0.0
1 100 17 17 15.3
3 100 54 54 53.0
5 100 81 81 80.6
7 100 86 86 85.7
9 100 100 100 100.0
Port Allen Strain, October-November, 1963 .
0 100 4 4 0.0
20 100 20 20 16.7
40 100 54 54 52.1
60 100 67 67 65.6
80 100 80 80 79.2
100 100 94 94 93.8
larvae were from borer population maintained approximately from 9 to 10 
months in laboratory after collection from field in July and August^ 1962.
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Table XIX. Mortality of newly hatched larvae in tests using the
residual film method, Baton Rouge, Louisiana, 1962-63.
Endrin No, of No. of Corrected
in Diet Larvae Larvae Per Cent Per Cent
(p.p.m.)_________Tested_________Killed__________ Mortality Mortal itya
Baton Rouge Strain. August-September 1963
0 100 2 2 0.0
2 100 41 41 39.7
4 100 48 48 46.9
6 100 76 76 75.5
8 100 87 87 86.7
10 100 98 98 97.9
Belle Glade Strain, June-July,1962
0.0 30 0 0.0 0.0
0.5 30 5 16.6 16.6
1.0 30 11 36.6 36.6
2.0 30 24 80.0 80.0
3.0 30 26 86.6 86.6
4.0 30 30 100.0 100.0
Erath Strain, March-April, 1963^
0.0 200 5 2.5 0.0
0.5 200 28 14.0 11.7
1.0 200 58 29.0 27.1
2.0 200 127 63.5 62.5
3.0 200 171 85.5 85.1
4.0 200 189 94.5 94.3
Erath Strain, September. 1963
0.0 100 2 2 0.0
0.5 100 . 9 9 7.1
1.0 100 27 27 25.5
2.0 100 56 56 55.1
3.0 100 71 71 70.4
4.0 100 89 89 88.7
Table XIX. (Continued)
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Endrin No. of No. of Corrected
in Diet Larvae Larvae Per Cent Per Cent
(p.p.m.)________Tested__________Killed_________Mortality______ Mortality
Franklin Strain. July-August. 1962
0.0 110 3 2.7 0.0
0.5 110 11 10.0 7.5
1.0 110 34 30.9 28.9
2.0 110 53 48.1 46.6
3.0 110 81 73.6 72.8
4.0 110 97 88.1 87.7
Franklin Strain. March-April. 1963^
0.0 200 7 3.5 0.0
0.5 200 33 16.5 13.4
1.0 200 94 47.0 45.0
2.0 200 113 56.5 54.9
3.0 200 151 75.5 74.6
4.0 200 187 93.5 93.2
Franklin Strain, September. 1963
0 100 1 1 0.0
2 100 23 23 22.2
4 100 44 44 43.4
6 100 65 65 64.6
8 100 81 81 80.8
10 100 90 90 89.8
Houma Strain, August; 1962
0.0 30 1 3.3 0.0
0.5 30 8 26.7 24.1
1.0 30 8 26. 7 24.1
2.0 30 12 40.0 37.9
3.0 30 22 73.3 72.4
4.0 30 27 90.0 89.7
Table XIX. (Continued)
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Endrin 
in Diet 
(P.p.m.)
No. of 
Larvae 
Tested
No. of 
Larvae 
Killed
Per Cent 
Mortality
Corrected 
Per Cent 
Mortality
Meeker Strain , September-October. 1963 , ,
0 100 1 1 0.0
2 100 24 24 23.2
4 100 54 54 53.5
6 100 83 83 82.8
8 100 87 87 86.8
10 100 98 98 97.9
Port Allen Strain, November, 1963°
0 100 1 1 0.0
5 100 19 19 18.2
10 100 50 50 49.5
15 100 71 71 70.7
20 100 80 80 79.8
25 100 85 85 84.8
aComputed by Abbot's (1925) formula.
^Larvae were from borer population maintained approximately 9 to 10 
months in laboratory after collection from field in July and August,
1962.
Larvae were exposed to endrin residue for 5 hours' instead of the 
standard 30 minute exposure time.
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Table XX. Mortality of 3 successive generations of newly hatched larvae 
of the Franklin strain from different amounts of endrin in 
tests using the residual film method to select for endrin 
resistance, Baton Rouge, Louisiana, April-August^ 1963.
Endrin Per No. of No. of Corrected
Flask Larvae Larvae Per Cent Per Cent
(ug) Tested Killed_________Mortality______ Mortality
Parent (P) Generation
0.0 100 2 2. 0.0
0.5 100 22 22 20.4
1.0 100 39 39 37.7
2.0 100 64 64 63.2
3.0 100 77 77 76.5
4.0 100 95 95 94.8
(P Survived 0 ug Endrin)
0.0 100 4 4 0.0
0.5 100 15 15 11.4
1.0 100 54 54 52.0
2.0 100 85 85 84.3
3.0 100 91 91 90.6
4.0 100 100 100 100.0
Fl (P Survived 1 ug Endrin)
0.0 100 4 4 0.0
0.5 100 22 22 18.7
1.0 100 44 44 41.6
2.0 100 70 70 68.7
3.0 100 92 92 91.6
4.0 100 97 97 96.8
*1 (P Survived 2 ug Endrin)
0.0 100 3 3 0.0
0.5 100 12 12 9.2
1.0 100 43 43 41.2
2.0 100 61 61 59.7
3.0 100 83 83 82.4
4.0 100 96 96 95.8
*Table XX. (Continued)
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Endrin Per
Flask
(ug)
No. of 
Larvae 
Tested
No. of 
Larvae 
Killed
Per Cent 
Mortality
Corrected 
Per Cent 
Mortality
F? (Ft Survived 0 ur Endrin)
0.0 100 3 3 0.0
0.5 100 13 13 10.3
1.0 100 47 47 45.3
2.0 100 59 59 57.7
3.0 100 80 80 79.3
4.0 100 98 98 97.9
f ? (Ft Survived 1 ur Endrin)
0.0 100 5 5 0.0
0.5 100 16 16 11.5
1.0 100 42 42 38.9
2.0 100 63 63 61.0
3.0 100 75 75 73.6
4.0 100 94 94 93.6
F? (Ft Survived 2 ur Endrin)
0.0 100 4 4 0.0
0.5 100 10 10 6.2
1.0 100 28 28 25.0
2.0 100 49 49 46.8
3.0 100 76 76 75.0
4.0 100 96 96 95.8
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Table XXI. Mortality of newly hatched larvae of the Baton Rouge and
Port Allen Strains in tests using the residual film method 
to determine susceptibility to endosulfan, guthion and 
carbaryl, Baton Rouge, Louisiana, October, 1963.
Endrin Per No. of No. of Corrected
Flask Larvae Larvae Per Cent Per Cent
(ug)______________Tested__________ Killed_________Mortality______ Mortality
Endosulfan, Baton Rouge Strain • ■
0.0 60 0 0.0 0.0
0.2 60 16 26.7 26.7
0.4 60 40 66.7 66.7
0.6 60 48 80.0 80.0
0.8 60 44 73.3 73.3
1.0 60 57 95.0 95.0
Guthion, Baton Rouge Strain
0.0 60 0 0.0 0.0
0.2 60 19 31.7 31.7
0.4 60 32 53.3 53.3
0.5 40 34 85.0 85.0
0.6 60 49 81.7 81.7
0.8 40 37 92.5 92.5
1.0 20 19 95.0 95.0
Carbaryl, Baton Rouge Strain
0.0 60 0 0.0 0.0
0.2 60 32 53.0 53.0
0.4 60 47 78.3 78.3
0.6 60 56 93.3 93.3
0.8 60 58 96.7 96.7
1.0 60 60 100.0 100.0
Endosulfan, Port Allen Strain
0 60 0 0.0 0.0
5 60 20 33.3 33.3
8 20 11 55.0 55.0
10 60 27 45.0 45.0
12 20 17 85.0 85.0
14 40 29 72.5 72.5
16 40 30 75.0 75.0
18 20 18 90.0 90.0
20 40 37 92.5 92.5
50 20 20 100.0 100.0
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Table XXI. (Continued)
Endrin per
Flask
(ug)
No. of 
Larvae 
Tested
No. of 
Larvae 
Killed
Per Cent 
Mortality
Corrected 
Per Cent 
Mortality3
Guthion, Port Allen Strain
0.0 60 0 0.0 0.0
0.2 40 20 50.0 50.0
0.4 40 31 77.5 77.5
0.5 20 19 95.0 95.0
0.6 40 36 90.0 90.0
0.8 40 40 100.0 100.0
1.0 20 20 100.0 100.0
5.0 20 20 100.0 100.0
Carbaryl, Port Allen Strain
0.0 60 0 0.0 0.0
0.2 40 12 30.0 30.0
0.4 40 17 42.5 42.5
0.5 60 45 75.0 75.0
0.6 40 36 90.0 90.0
0.8 40 40 100.0 100.0
1.0 20 20 100.0 100.0
2.0 20 20 100.0 100.0
aComputed by Abbot’s (1925) formula.
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Table XXII. Weights in mgs. of male and female sugarcane borer pupae 
of the first and last of 3 successive generations reared 
from newly hatched larvae which survived different 
amounts of endrin, Baton Rouge, Louisiana, April-August,
1963.
,Endrin Pet Flask (ug)
Pupa 0.0 1.0 2.0
lumber . Male Female ... Male Female Male Female
Parent (P). Generation
1 : 109.4 192.6 101.8 146.4 68.4 196.3
2 88.6 105.8 74.2 189.3 79.3 134.2
3 53.2 124.2 94.5 135.5 82.6 168.3
4 58.8 108.6 80.6 177.0 101.2 128.4
5 62.3 145.2 82.2 113.2 99.3 135.9
6 91.9 128.0 95.3 133.5 58.4 178.2
7 87.8 111.5 91.7 141.0 63.7 166.3
8 71.8 115.4 100.4 145.8 88.2 125.1
9 65.4 129.3 60.6 154.4 93.5 155.8
10 59.6 124.3 66.8 171.2 67.2 140.5
11 77.6 113.4 69.0 197,5 78.2 193.1
12 67.2 149.5 69.4 115.5 91.1 119.2
13 84.0 156.7 74.0 118.0 59.3 115.2
14 81.4 154.2 84.7 114.6 89.9 181.4
15 78.0 162.9 75.2 167.6 82.6 162.5
16 82.5 133.5 66.5 179.2 74.0 178.2
17 89.5 190.0 70.5 183.9 66.2 156.0
18 87.0 154.2 83.2 142.2 81.9 188.6
19 66.3 102.3 70.8 159.3 71.2 145.2
20 64.5 171.2 80.7 167.0 96.8 177.0
21 89.2 153.0 95.6 168.6 89.6 155.6
22 72.3 159.7 86.4 193.4 71.0 128.3
23 90.6 136.8 91.9 170.8 75.2 135.2
24 98.2 133.4 66.4 155.1 65.3 179.6
25 101.3 196.2 75.3 150.3 56.2 180.3
26 74.6 201.0 90.2 167.5 98.3 159.9
27 86.2 209.2 88.3 150.7 79.6 128.2
28 74.9 170.3 65.2 134.4 98.2 131.6
29 86.0 168.4 78.9 124.8 61.2 206.0
30 91.2 155.7 93.2 115.2 62.2 111.9
31 59.6 - 85.6 148.2 - 168.5
32 67.2 - - 132.5 - -
33 79.3 - - 170.9 - -
34 - - - 169.2 - -
35 - - - 158.3 - -
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
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(Continued)
Endrin Per Flask (ug)
0.0 1.0 2.0
Male Female Male Female Male Female
*2_Generation
75.4 153.6 89.2 110.7 63.3 135.2
66.3 178.5 75.5 135.3 71.2 155.2
59.2 166.4 78.4 138.2 96.4 108.3
93.7 195.2 56.2 178.4 98.4 168.2
110.5 162.2 86.7 173.5 58.0 159.4
62.3 173.4 92.5 159.2 106.2 154.6
55.4 195.8 100.9 145.7 82.4 176.5
79.5 153.5 63,4 188.2 76.3 148.2
84.6 121.4 77.5 179.5 84.2 201.9
92.5 118.5 69.3 106.2 99.0 128.7
89.7 133.7 88.2 172.2 59.2 133.5
75.2 174.9 82.6 145.3 68.7 144.2
88.3 169.3 75.7 138.2 77.9 149.2
92.5 136.7 79.2 120.0 82.4 186.4
77.8 142.5 69.3 118.3 87.6 179.3
75.0 148.7 92.5 155.3 , 79.3 139.2
92.8 152.8 - 144.5 72.5 143.6
81.6 167.2 - - - 168.6
87.4 108.5 - - - 175.2
- 149.5 - - - 159.2
- 168.2 - - - -
- 178.5 - - - -
- 188.2 - - - -
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Table XXIII. Duration in days of moths of the first and last of 3 
successive generations reared from newly hatched 
larvae which were exposed to different amounts of 
endrin in residual film tests, Baton Rouge, Louisiana, 
April-August, 1963.
Moth
Number
Endrin Per Flask (ug)
0.0 1.0 2.0
Male Female Male Female Male Female
Parent (P) Generation
1 5 6 4 6 3 3
2 5 7 4 5' 2 6
3 1 6 3 3 2 4
4 4 4 4 3 3 3
5 5 5 5 4 3 4
6 1 5 1 5 6 6
7 5 6 1 5 3 5
8 4 7 6 4 2 5
9 4 5 4 5 1 4
10 1 6 4 4 2 2
11 4 3 3 4 3 5
12 5 4 5 5 4 4
13 3 4 4 4 2 4
14 4 3 5 3 1 3
15 3 6 4 5 3 4
16 4 4 4 5 1 5
17 5 4 1 6 2 3
18 2 4 3 5 1 3
19 4 5 4 6 4 3
20 3 3 3 4 6 4
F2 Generation
1 2 4 4 4 4 1
2 3 5 2 3 3 4
3 3 5 3 2 3 5
4 2 4 1 5 1 5
5 3 6 5 4 3 5
6 3 3 3 4 2 4
7 2 6 2 5 3 5
8 1 5 5 2 5 4
9 1 4 4 4 4 3
10 4 4 4 5 3 2
11 4 4 3 4 1 6
12 2 5 4 6 2 3
13 5 5 - - 3 6
14 2 3 **
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Table XXIV. Records on mating, oviposition and egg viability for 
female moths from the first and last of 3 successive 
generations reared from newly hatched larvae which sur­
vived short contact exposure to different amounts of 
endrin, Baton Rouge, Louisiana, April-August; 1963.
Endrin Per Moth Number Per Cent
Flask (ug) Number________Mated_________ of Eggs_______Egg Hatch
Parent (P) Generation
1 - 76 0.0
2 + 210 50.7
3 + 586 54.6
4 + 371 68.7
5 + 405 91.6
6 - 0 0.0
7 + 519 85.9
8 + 358 85.2
9 + 479 88.7
10 - 0 0.0
11 + 26 0.0
12 - 0 0.0
13 + 638 75.1
14 + 545 71.4
15 + 279 71.3
16 + 386 77.2
17 + 550 85.1
18 + 415 52.8
19 + 329 83.6
20 + 345 84.3
1 + 480 76.0
2 + 615 74.0
3 + 519 87.1
4 + 310 36.5
5 + 0 0.0
6 - 0 0.0
7 - 0 0.0
8 + 654 85.8
9 + 296 57.1
10 - 56 0.0
11 + 335 69.0
12 + 698 87.8
13 - 0 0.0
14 + 302 74.5
15 + 478 69.2
16 + 612 86.3
17 - 92 0.0
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Table XXIV. (Continued)
Endrin Per 
Flask (u r)
Moth Number Per Cent
Number Mated of Errs Err Hatch
18 _ 25 0.0
19 - 230 0.0
20 + 687 84.7
1 + 605 85.1
2 + 389 79.7
3 + 463 84.4
4 + 695 66.3
5 - 96 0.0
6 + 676 85.8
7 + 610 96.7
8 - 28 0.0
9 - 0 0.0
10 + 229 82.1
11 + 347 90.8
12 + 266 78.6
13 + 378 71.7
14 + 475 86.5
15 + 519 92.3
16 + 381 55.1
17 + 402 90.0
18 - 156 0.0
19 + 276 71.7
20 + .
F2 Generation
615 90.2
1 378 82.0
2 + 529 88.1
3 + 566 90.3
4 + 359 84.1
5 - 131 0.0
6 + 611 93.5
7 + 639 91.1
8 + 440 85.7
9 - 0 0.0
10 + 281 83.6
11 + 625 85.0
12 + 0 0.0
13 + 656 90.7
14 + 302 95.4
1.0
2.0
0.0
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Table XXIV. (Continued)
Endrin Per Moth Number Per Cent
Flask (ug) Number________Mated_________ of Eggs_______Egg Hatch
1 + 475 86.3
2 + 710 83.4
3 + 379 84.2
4 - 110 0.0
5 + 315 89.2
6 + 466 91.2
7 + 513 91.8
8 - 0 0.0
9 + 215 94.0
10 + 319 95.6
11 + 625 89.8
12 + 526 92.4
1 117 0.0
2 - 74 0.0
3 + 736 83.3
4 + 456 87.3
5 + 429 86.5
6 + 630 86.5
7 + 305 86.9
8 - 75 0.0
9 + 464 80.2
10 + 125 96.0
11 + 476 76.3
12 + 632 91.8
13 + 612 87.4
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Table XXV. Weights of male and female pupae reared from newly hatched
larvae on diets containing different amounts of endrin,
Baton Rouge, Louisiana, March-Jun^ 1963.
Endrin
in Diet Individual Weights of Pupae, in Mgs,
(p.p.m.) Reps._____________Male________________________ Female
Erath Strain
1 93.4,
74.5,
92.5,
71.2,
85.3,
96.3
86.4, 160.7,
135.7, 
162.6,
141.2,
176.3,
140.3,
168.5,
150.9,
144.2,
204.4,
183.4, 
163.3
2 84.5,
80.0,
70.0,
92.2,
94.2, 
90.8
73.0,
73.9,
61.2,
83.9,
145.3,
183.9,
151.2,
121.0,
171.2,
156.7
152.2,
3 67.5,
68.5, 
101.4
79.2,
54.2, 
, 78.9
84.3,
67.4, 
, 82.4
92.5,
93.2,
164.2,
196.2,
138.3,
144.0,
141.2,
159.5.
186.5,
4 73.5,
58.4,
84.2,
82.8,
92.5,
96.7,
91.7,
86.5,
64.2,
86.2,
86.3,
74.6
195.8,
142.5,
126.7,
169.7,
135.5,
132.5,
158.6,
175.8
5 84.4,
74.0,
76.8,
73.2,
67.3,
84.4,
81.7,
72.7, 
89.6
74.7,
80.2
178.2,
136.2,
202.3,
150.5,
193.4,
169.2,
144.7,
135.7
1 77.7,
75.2,
76.8,
82.1,
66.4,
80.3,
78.6,
82.5
165.7,
132.6,
145.5,
152.9,
137.6,
134.2,
138.5,
148.2
2 71.3,
82.2
74.2, 75.3, 78.5, 137.0,
132.3,
155.6,
158.4,
139.6,
142.0
158.9,
3 92.4,
84.2,
79.2,
93.5,
88.2,
67.2
72.9, 159.2,
143.5,
160.2
152.6,
172.4,
143.8,
171.6,
153.9,
194.2,
4 84.5,
86.5,
76.8,
78.5,
48.2,
96.7
92.7, 154.2,
135.7,
176.8,
160.4,
162.5,
139.2,
152.2,
162.8
5 69.7,
73.2,
63.2,
71.2,
70.5,
73.7
78.5,
85.3,
74.5,
71.2,
169.5,
138.5,
165.2,
180.3
140.5, 137.2,
1 63.0, 67.6, 84.2, 80.3 112.4, 125.6, 132.5, 133.2,
118.3
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Table XXV. (Continued)
Endrin
in Diet ________ Individual Weights of Pupae in Mgs,
(p.p.m.) Reps. Male  Female
0.4
0.6
0.8
1.0
2 84.6, 77.5, 46.2, 58.2 110.2, 133.5, 140.0, 129.3
3 78.1, 72.2, 93.1, 58.5 126.5,
92.2,
139.3,
108.5
160.2, 118.6,
4 52.0,
75.9,
81.2
79.5,
90.2,
61.2,
82.7,
62.5,
73.2,
135.2,
129.7,
122.5,
160.5,
177.8,
115.5
119.3,
5 58.3, 61.5, 75.2, 79.6 96.2, 129.5, 143.6, 136.3
1 70.5, 78.3, 79.2, 74.3 126.3, 122.4, 115.3, 138.4
2 58.9 102.7
3 45.2,
90.2,
67.5,
46.7,
61.2,
48.9
84.5, 112.7,
135.7
125.2, 130.7, 148.2,
4 63.5, 75.2, 35.6, 59.2 97.6,
122.0
112.2, 139.7, 158.2
5 65.3,
75.8,
72.8,
46.2
55.7, 61.6, .135.7, 119.8, 123.6, 132.7
1 70.2, 64.2, 73.9, 58.3 125.0, 118.3, 115.4, 130.3
2 - 108.6
3 58.3, 49.2 109.3,
109.9
131.2, 147.6, 118.3,
4 - 114.5, 117.2, 136.8
5 58.2, 65.5 91.5, 110.6
1 70.1, 65.3 119.3
2 - -
3 - 96.5, 113.2
4 51.7 110.2, 98.0
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Table XXV. (Continued)
Endrin
in Diet _________ Individual Weights of Pupae in Mgs.
(p.p.m.) Reps.__________  Male_____________________ Female
1.0 5
Franklin Strain
1 105.5
92.5,
85.6,
, 96.3 
84.6, 
80.6
, 96.8 
84.0,
, 93.2, 
74.6,
140.5, 
200 .f.
132.7,
144.5,
142.5,
168.2,
130.7
154.9
2 71.2,
97.9,
70.0,
97.5,
94.0,
68.0,
83.5,
89.0,
85.2
76.2,
89.6,
160.6,
157.6,
159.2
153.3,
196.5,
147.8,
138.2,
165.7
165.3
3 67.5,
71.3,
68.4, 
113.4
81.4,
79.2,
88.2, 
95.5,
, 83.4 
73.2,
93.6, 
83.5, 
93.0, 
, 98.6 
79.8
103.0,
65.5,
77.5,
, 78.7,
194.2, 
198.4,
178.2,
197.3,
185.4,
169.8,
165.2,
172.8,
160.3, 
201.3
175.2, 
159.6, 
225.0,
138.2,
192.3
188.2
200.0
170.5
4 73.7,
91.8, 
72.3,
88.2,
83.2,
82*4
64.2,
66.7,
76.3,
94.5,
153.2,
155.3,
173.4,
135.6,
190.2,
140.2
182.2
5 72.4, 
87.2,
86.4,
91.2, 
65.8,
91.3,
95.7,
52.8, 
85.2
93.8,
69.7,
136.7,
175.6,
129.2,
134.4,
160.8,
138.2
153.7
1 90.2, 78.4, 87.5, 68.0 178.6,
119.2,
144.6,
158.7,
141.5,
151.7
152.3
2 97.3,
87.5,
90.0,
90.4,
66.6,
61.3
81.5, 136.5,
176.7,
143.8
157.2,
162.3,
174.9,
178.7,
175.8
174.4
3 62.8,
87.8,
88.0,
83.1,
69.5,
68.2
76.4,
96.4,
80.2,
75.7,
171.8,
132.5,
123.0,
144.6,
187.6, 
150.0
147.2,
158.2,
118.2
164.6
4 74.2,
75.8,
83.5,
74.3
79.7, 64.2, 153.2,
138.4,
149.7,
129.0,
171.2,
118.2,
162.7
175.7
5 75.7, 89.2, 71.3, 82.7, 129.7, 132.5, 155.0, 162.5
81.2
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Table XXV, (Continued)
Endrin
in Diet _________ Individual Weights of Pupae in Mgs.
(p.p.m.) Reps.____________ Male_______________________ Female
0.4 1 105.4
79.3
, 65.5 , 96.3 , 76.0, 147.0, 157.6, 121.2, 137.2
2 72.9,
85.5,
67.7,
52.5
78.2, 76.0, 131.5,
126.4,
130.5,
155.3,
122.6,
147.8,
144.7
103.2
3 92.3,
81.4,
98.0,
76.8,
112.5
91.7
, 99.8 124.5,
125.5,
120.0,
158.4,
161.0,
191.5
163.3
4 75.8,
61.5
52.7, 67.8, 71.2, 152.4,
126.2
131.7, 118.2, 139.7
5 50.0,
72.5,
58.6,
63.3,
60.7,
61.6
83.2, 137.6,
145.6
128.2, 113.8, 130.5
0.6 1 64.3, 91.2, 58.4 138.6, 125.3
2 52.2,
79.2,
66.8,
85.6
72.3, 58.7, 109.2,
138.2,
133.5,
140.6,
145.8,
111.5
119.2
3 52.2, 67.9, 88.3, 92.4 162.4,
132.8,
125.6,
158.2,
170.6,
118.6,
119.2
99.2
4 52.5, 69.3, 62.7 109.0,
133.7,
117.0,
114.2
158.7, 129.2
5 59.4, 51.2, 49.6 117.6
0.8 1
2
77.2,
68.2,
68.4,
71.3
55.2 131.2, 97.6, 101.3
3 49.6,
52.9,
51.2
78.2,
78.6,
55.9,
72.9,
61.6,
80.2,
109.3,
138.2,
158.2,
118.6,
120.8,
127.2
138.2,
182.2,
159.6
118.0
4 51.2 98.4, 123.7
5 56.7, 44.6, 61.7 132.6, 95.2
t
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Table XXV. (Continued)
Endrin
in Diet Individual Weights of Pupae in Mgs,
(p.p.m.) Reps. " Male Female
1.0 1
2
3 - 112.2, 131.7
4 44.7, 49.2
5
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Table XXVI. Duration in days of moths reared from newly hatched
larvae on diets containing different amounts of endrin,
Baton Rouge, Louisiana, March-June* 1963.
Endrin in Diet (p.p.m.)
Moth oTo O  0.4
Reps, fumber Male Female Male Female Male Female
Erath Strain
1 3 4 3 4 2 4
2 3 4 - 3 1 2
3 3 5 2 4 2 3
4 4 3 1 2 - 4
5 2 2 - 3 - 3
6 3 5 2 4 - -
7 4 5 - 3 - -
8 4 4 1 4 - -
9 2 5 - - - -
10 3 4 - - - -
1 2 4 2 4 1 3
2 4 5 - 3 - 3
3 3 4 2 4 - 2
4 4 5 4 4 1 3
5 4 4 3 2 - -
6 4 5 2 4 - -
7 3 4 - - - -
1 3 5 2 4 - 3
2 4 4 3 3 1 2
3 2 3 - 3 3 1 3
4 2 5 - 3 - 3
5 3 3 2 3 1 2
6 3 3 - 3 - -
7 3 4 - 2 - -
1 2 5 _ 3 1 3
2 3 4 2 4 - 2
3 2 3 - 2 1 1
4 2 4 1 3 - _  3.
5 2 3 2 2 1 2
6 3 4 3 3 -
7 2 2 - - - -
8 2 4 - - - -
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Table XXVI. (Continued)
Endrin In Diet (p.p.m.)
Moth 0.0______ 0.2_______  0.4_______
Reps. Number Male Female Male Female Male Female
Franklin Strain
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Table XXVI. (Continued)
Endrin in Diet (p.p.m.)
Moth 0.0 0.2 0.4
Reps. Number Male Female Male Female Male Female
1 .2 3 2 3 1 2
2 3 5 2 3 - 3
3 2 4 3 3 2 2
4 3 3 3 2 2
5 3 4 - -
6 3 4 - -
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Table XXVII. Records on mating, oviposition and egg viability for 
female moths reared from newly hatched larvae on diets 
containing different amounts of endrin, Baton Rouge, 
Louisiana, March-June^ 1963.
Endrin in
Diet (p.p.m.) Reps,
Moth
Number Mated
Number 
of Eggs
Per Cent 
Egg Hatch
Erath Strain
0.0
0.2
1 - 75 0.0
2 - 16 0.0
3 - 0 0.0
4 + 478 86.0
5 + 339 90.6
6 + 715 82.8
7 + 628 89.0
8 - 65 0.0
9 + 438 89.3
10 + 320 90.0
1 + 465 87.7
2 + 649 81.4
3 + 514 89.7
4 + 673 85.9
5 + 462 89.2
6 - 0 0.0
7 - 0 0.0
1 _ 78 0.0
2 + 615 92.4
3 + 638 87.0
4 + 449 90.2
5 - 0 0.0
6 + 350 88.9
7 + 432 84.5
1 + 310 93.5
2 - 0 0.0
3 + 496 84.7
4 + 625 92.6
5 + 729 93.0
6 - 0 0.0
7 + 327 85.9
8 - 35 0.0
1 _ 122 0.0
2 - 51 0.0
3 _ 0 0.0
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Table XXVII. (Continued)
Endrin in 
Diet (p.p.m.) Reps.
Moth
Number Mated
Number 
of Eggs
Per Cent 
Egg Hatch
0.2 1 4 58 0.0
5 - 0 0.0
2 1 _ 0 0.0
2 - 98 0.0
3 - 38 0.0
3 1 - 69 0.0
2 - 172 0.0
3 - 0 0.0
4 - 22 0.0
4 1 8 0.0
2 - 32 0.0
3 - 0 0.0
4 - 0 0.0
0.4 1 1 30 0.0
2 - 0 0.0
3 - 0 0.0
2 1 • 0 0.0
. 2 - 0 0.0
3 1 15 0.0
2 - 0 0.0
3 - 0 0.0
4 1 • 0 0.0
2 - 0 0.0
3 - 17 0.0
Franklin Strain
0.0 1 1 + 548 66.0
2 + 636 73.3
3 + 566 85.3
4 - 0 0.0
5 + 616 77.6
6 + 715 82.5
7 + 302 86.4
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Table XXVII. (Continued)
Endrin in Moth Number Per Cent
Diet (p.p.m.) Reps._______ Number______Mated_______of Eggs Egg Hatch
0.0 2
0.2
1 + 143 94.4
2 + 379 81.8
3 + 442 84.8
4 + 502 91.6
5 + 381 85.3
6 + 119 92.4
7 + 375 92.0
8 + 535 87.5
9 - 0 0.0
1 + 609 83.3
2 + 219 77.6
3 - 3 0.0
4 - 21 0.0
5 + 60 0.0
6 + 409 78.7
7 + 369 81.6
8 + 154 79.2
9 + 417 90.6
10 + 487 86.8
11 + 379 81.5
12 - 109 0.0
13 + 224 94.6
1 + 671 86.4
2 - 0 0.0
3 + 362 87.0
4 - 71 0.0
5 + 735 93.7
6 ■f 425 84.7
7 - 38 0.0
1 ; + 482 85.1
2 1 + 772 98.6
3 + 639 86.4
4 - 135 0.0
5 - 0 0.0
6 + 375 85.6
1 43 0.0
2 - 47 0.0
3 - 87 0.0
4 - 0 0.0
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Table XXVII. (Continued)
Endrin in Moth Number Per Cent
Diet (p.p.m.) Reps. Number______Mated_______of Eggs_____Egg Hatch
2 1 - 104 0.0
2 - 167 0.0
3 - 9 0.0
4 + 21 0.0
3 1 _ 67 0.0
2 - 8 0.0
3 - 42 0.0
4 - 56 ' 0.0
5 - 0 0.0
6 - 0 0.0
7 + 0 0.0
8 - 67 0.0
9 - 114 0.0
4 1 - 0 0.0
2 + 0 0.0
3 - 110 0.0
5 1 + 42 0.0
2 - 109 0.0
3 - 0 0.0
1 1 _ 0 0.0
2 - 28 0.0
2 1 _ 16 0.0
2 - 0 0.0
3 - 0 0.0
4 - 0 0.0
3 1 _ 0 0.0
2 - 0 0.0
3 - 0 0.0
4 - 0 0.0
4 1 - 8 0.0
2 - 25 0.0
5 1 _ 12 0.0
2 - 0 0.0
3 - 3 0.0
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Table XXVIII. Weights of male and female pupae reared from 15-day-old
larvae on diets containing different amounts of endrin,
Baton Rouge, Louisiana, April-May, 1963.
Endrin
in Diet  Individual Weights of Pupae in Mgs.
(p.p.m.) Reps.___________ Male_______________________ Female
Erath Strain
0.0 1 83.7,
82,0,
68.2,
65.8,
60.2,
83.5,
75.2,
77.2,
96.2,
78.5,
71.3,
75.3
185.4,
146.5,
168.0
178.3
133.3,
182.2,
136.2,
155.3
2 69.3,
92.5,
65.7,
78.5,
71.3,
72.9,
82.7,
81.2,
88.3,
81.4,
62.9,
90.4
178.3,
170.3,
169.7
169.7
132.5,
172.5
150.5,
3 75.2,
84.2,
93.2,
72.0,
92.7,
75.6,
87.3,
78.6
129.2, 
175.7,
168.2,
160.7
192.8 
172.5
162.5,
193.2,
185.2,
149.3,
180.4,
132.5,
4 75.5,
67.2,
72.8,
97.2,
64.2, 
93.7,
8l*8>
75.7,
83.5
69.2,
84.6,
169.3,
170.2,
140.8
178.2
184.7
134.7,
141.8,
155.0,
159.7,
5 74.4,
94.2,
88.3,
84.2,
65.7,
93.2
83.7,
62.8,
85.8,
71.7,
138.5,
161.5,
172.5
140.2
162.7,
138.7,
170.2,
152.4
1.0 1 57.7,
88.5,
78.5
58.3,
50.4,
69.2,
72.9,
74.0,
82.6,
160.8,
159.2,
158.5,
146.7
125.6
168.2
138.2,
148.8,
157.3,
131.2
2 78.2,
57.7,
75.8,
83.5,
63.5, 
82.2,
82.7,
75.3,
76.3
62.5,
84.2,
170.2,
155.4,
169.7
166.7
132.7
164.2,
140.7,
170.3,
135.8,
3 59.7,
79.5
66.8, 82.6, 75.2, 132.3,
161.3,
155.8
123.2
162.5,
132.6,
172.5,
139.4
4 69.2,
66.2,
66.5,
86.7,
58.4,
87.3
75.6, 143.7,
178.6,
167.2
190.7
139.3,
169.3,
155.2,
123.7
5 62.5,
55.7,
83.7,
74.2,
62.8,
82.2,
71.2,
81.5
139.2,
178.3, 
182.7,
148.7 
149.2
141.8
152.5,
162.8,
123.6
160.7,
183.5,
3.0 1 88.7, 67.5, 57.0, 62.5 142.5, 98.6, 121.2, 106.8,
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Table XXVIII. (Continued)
Undrin
in Diet  Individual Weights of Pupae in Mgs.
(p.p.m.) Reps.___________ Male  Female
3.0 1 111.6, 125.2, 137.6, 98.2
2 72.4, 45.2, 49.7, 90.2 123.2, 144.2, 117.3, 122.4
159.7, 160.0, 139.2.
3 62.7, 71.5 131.7, 145.2, 123.9
4 62.3, 52.7, 59.3 132.0, 159.3, 162.7
5 74.3, 72.3, 59.6 145.0, 134.2, 172.6, 154.2
162.7
5.0 1 93.4 119.8, 127.2, 138.3
2 67.2 131.5
3 61.7 137.5, 150.2
4 63.7 157.7, 159.2, 123.4
5 72.8, 65.6, 62.7, 61.8 132.2, 121.6
7.0 1 61.6, 52.2 -
2 72.0, 61.3 122.5
3 - 128.2
4 65.2, 49.6 138.3, 114.6
5 - -
9.0 1 - -
2 - 115.3
3 - -
4 - -
5
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Table XXVIII. (Continued)
Endrin
in Diet _______ Individual Weights of Pupae in Mgs.
(p.p.m.) Reps. Male Female
Franklin Strain
0.0 1 82.2
109.8
85.0, 
, 77.9
91.8, 
, 104.
84.0,
2
208.4,
137.5, 
206.0, 
180.2
203.3,
151.2,
205.5,
175.5,
124.2,
201.8,
206.7
139.3
204.6
2 94.5,
78.2,
69.2,
83.9,
91.0,
76.3,
92.2,
84.2.
134.7,
138.2,
169.1,
158.3, 
149.7,
113.4,
194.6, 
184.2,
122.6,
128.3 
151.8
136.4
3 89.2,
91.7,
93.8
75.6,
82.6,
69.2,
59.3,
81.8,
62.5,
180.3, 
184.2, 
• 178.5,
162.2,
176.3,
153.3,
172.9,
159.7,
174.2
202.6
134.2
4 92.7, 
92.5,
89.7,
102.3
76.3,
81.3,
, 86.8 
58.3, 
76.2,
, 89.5, 
62.5, 
81.7
193.8,
159.8,
178.2,
132.7,
146.2,
169.8
161.7
5 92.2,
75.3,
66.3,
82.7,
88.2,
67.3,
87.5,
93.2,
92.5
62.9
65.8,
135.4,
180.2,
154.2,
175.3,
138.7,
168.2,
192.3
132.5
1.0 1 72.2,
85.8,
68.5,
62.2,
76.2,
98.8
86.3, 180.3,
164.7,
170.2
115.7,
132.3,
147.4,
170.8,
152.2
135.6
2 65.2, 
62.4,
84.2,
79.3,
55.6,
76.9
85.4,
71.7,
99.3,
62.3,
132.5,
182.4,
109.7
129.3,
152.6,
139.7,
176.3,
196.6
129.2
3 68.3,
91.5,
62.7
69.2,
85.2,
67.3,
78.4,
86.2,
67.2,
148.3,
138.3,
135.2,
176.2
160.7, 127.2
4 69.2,
71.6,
69.5,
83.8
63.7, 62.5, 122.0,
179.6,
155.6,
172.5,
132.7,
131.8,
121.8
147.7
5 65.8,
63.8, 
71.4
88.2,
92.5,
91.7,
91.4,
68.7,
72.3,
138.3,
148.3, 
143.5,
201.5,
163.5, 
171.2
167.8,
154.7,
162.5
163.2
3.0 1 95.8, 79.2, 96.2, 66.2, 125.2, 129.3, 118.7, 147.8
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Table XXVIII. (Continued)
Endrin
in Diet _______Individual Weights of Pupae in Mgs._____________
(p.p.m.) Reps.__________ Male_____________________  Female ___________
3.0 2 61.3, 78.2, 55.7, 45.2 119.2, 139.7, 156.8, 158.6
90.1, 59.3 129.0, 160.3, 178.2, 119.8,
133.8
3 45.2, 58.6, 48.2, 59.7 143.7, 152.8, 129.7, 138.6,
145.2, 136.8, 149.7
4 67.2, 53.8, 66.5, 85.2, 137.8, 154.2, 123.5, 129.8
82.8
5 79.5 162.5, 145.5
5.0 1 83.5, 71.2
2 52.7, 69.6 126.2, 135.3, 142.7
3 - 137.2, 159.3, 123.6
4 82.7, 43.8, 67.5 99.7, 142.8, 139.7, 123.4,
145.6
5 - 134.5
7.0 1 84.2
2 68.3 119.2
3 58.7
4 72.8, 66.5, 68.5 143.3, 127.9
5 72.5, 63.7* 132.5, 150.2, 112.2
9.0 1 -
2
3
4
5
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Table XXIX. Records on mating, oviposition and egg viability for 
female moths reared on diets containing different 
amounts of endrin, Baton Rouge, Louisiana, March-June, 
1963.
Endrin in Moth Number Per Cent
Diet (p.p.m.) Cross______Number Mated_____of Eggs_____Egg Hatch
0.0 NMXNF
0.2 TMXTF
Erath Strain
1 - 75 0.0
2 - 16 0.0
3 - 0 0.0
4 + 478 86.0
5 + 339 90.6
6 + 715 82.8
7 + 628 89.0
8 - 65 0.0
9 + 438 89.3
10 + 320 90.0
11 + 465 87.7
12 + 649 81.4
13 + 514 89.7
14 + 673 85.9
15 + 462 89.2
16 - 0 0.0
17 - 0 0.0
18 - 78 0.0
19 + 615 92.4
20 + 638 87.0
21 + 449 90.2
22 - 0 0.0
23 + 350 88.9
24 + 432 84.5
25 + 310 93.5
26 - 0 0.0
27 + 496 84.7
28 4* 625 92.6
29 + 729 93.0
30 - 0 0.0
32 + 327 85.9
32 - 35 0.0
1 _ 122 0.0
2 - 51 0.0
3 - 0 0.0
4 - 58 0.0
5 - 0 0.0
6 - 0 0.0
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Table XXIX. (Continued)
Endrin in Moth Number Eer Cent
Diet (p.p.m.) Cross______Number Mated of Eggs Egg Hatch
0.2 TMXTF 7 98 0.0
8 - 3 8  0.0
9 - 69 0.0
10 - 172 0.0
1 1 - 0  0.0
12 -  22 0.0
1 3 - 8  0.0
14 - 32 0.0
1 5 - 0  0.0
1 6 - 0  o;o
0.2 NMXTF 1 - H O  0.0
2 - 32: 0.0
3 - 176 0.0
4 -  0 0.0
5 -  121 0.0
6 - 3 0.0
7 - 138 0.0
: 8 - 71 0.0
9 4 0.0
10 - 79 0.0
11 -  0 0.0
0.4 TMXTF 1 - 30 0.0
2 0 0.0
3 -  0 0.0
4 -  '0 0.0
5 -  0 0.0
6 - 15 0.0
7 -  0 0.0
8 -  0 0.0
9 0 0.0
10 - 0 0.0
11 - 17 0.0
0.4 NMXTF 1 - 0 0.0
2 - 1 9  0.0
3 -  0 0.0
4 -  0 0.0
5 -  8 0.0
6 - 19 0.0
7 -  0 0.0
8 - 23 0.0
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Table XXK. (Continued)
Endrin In Moth Number Per Cent
Diet (p.p.m.)______Cross_____ Number_____Mated_____of Eggs_____Egg Hatch
Franklin Strain
0.0 NMXNF 1 + 548 66.0
2 + 636 73.3
3 + 566 85.3
4 - 0 0,0
5 + 616 77.6
6. ‘ + 715 82.5
7 + 302 86.4
8 + 143 94,4
9 + 379 81.8
10 + 442 84.8
11 + 502 91.6
12 + 381 85.3
13 + 119 92.4
i4 + 375 92.0
15 + 535 87.5
16 - ■ 0 83.3
17 + 609 77.6
18 + 219 0.0
19 - 3 0.0
20 - 21 o;o
21 + 60 0.0
22 + 409 78.7
23 + 369 81.6
24 + .154 79.2
25 + 417 90.6
26 + 487 86.8
27 + 379 81.5
28 - 109 0.0
29 + 224 94.6
30 + 671 86.4
31 0 0.0
32 + 362 87.0
33 — 71 0.0
34 + 735 93.7
35 + 425 84.7
36 - 38 .0.0
37 + 482 85.1
38 + 772 98.6j
39 + 639 86.4
40 - 135 0.6
41 - 0 0.0
42 + 375 85.6
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Table XXIX. (Continued)
Endrin in Moth Number Per Cent
Diet (p.p.m.) Cross_______Number Mated of Eggs Egg Hatch
0.2 TMXTF 1 - - 43
2 - 47
3 - 87
4 - 0
5 - 104
6 - 1 6 7
7 - "9
8 + 21
9 - 67
1 0 - 8
11 - 42
12 - 56
13 - 0
1 4 - 0  
15 + 0
16 - 67
17 - 114
1 8 - 0
19 + 0
20 - HO
21 + 42
22 - 109
2 3 - 0
0.2 NMXTF 1 - 2 8
2 - + 16 
3 - 126
4 - 240
5 + 8 0
6 -  11
7 - 56
8 + 1 2  
9 - 64
1 0 - 7  
11 -  66
12 - 95
13 - ^4
14 - 82
15 - 55
16 - 16
17 - 59
0.4 TMXTF 1 - 0
2 - 28
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
 
O
O
O
O
O
O
O
O
O
O
O
D
O
O
O
O
O
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o
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Table XXIX. (Continued)
Endrln in Moth Number Per Cent
Diet (p.p.m.) Cross Number______Mated______of Eggs Egg Hatch
0.4 TMXTF 3 - 1 6  0
4 - 0 0
5 - 0 0
6 - 0 0
7 - 0 0
8 - 0 0  
9 - 0 0
10 -  0 0
11 -  8 0
1 2 - 2 5  0
1 3 - 1 2  0
14 - 0 0
15 - 3 0
0.4 NMXTF 1 - 3 2  0
2 - 0 0
3 - 3 5  0
4 - 0 0
5 - 7 2  0
6 -  0 0
7 - 0 0  
8 -  0 0
9 - 0 0
1 0 - 3 5  0
11 -  0 0
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